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ABSTRACT
A p u r i f ic a t io n  method to  o b ta in  a f ib r in o g e n  p re p a ra tio n  
w ith  a h igh  p ro p o r t io n  o f  in t a c t  m olecules and fre e  from 
co n ta m in a ting  plasm inogen and F a c to r X I I I  was developed.
Such f ib r in o g e n  p re p a ra tio n s  were used in  c ro s s - l in k in g  
and p la s m in -d ig e s tio n  s tu d ie s  to  in v e s t ig a te  the p o s s ib le  
invo lvem en t o f  the c a rb o x y l te rm in a l re g ion s  o f  the Aov- 
chain in  a h igh  a f f i n i t y  c a lc iu m -b in d in g  s i t e .  The re s u lts  
o f  these in v e s t ig a t io n s  gave no evidence to  su p p o rt such 
a ro le  fo r  the c a rb o x y l te rm in a ls  o f  the AcA.- ch a ins .
H ig h ly  in t a c t  f ib r in o g e n  p re p a ra tio n s  were a ls o  used in  
experim en ts  to  re -assess the  number o f  h igh  a f f i n i t y  ca lc iu m - 
b in d in g  s i te s  in  the m o lecu le . The techn ique  o f  f lo w  d ia ly ­
s is  was employed. R esu lts  from these experim en ts  were in  
agreement w ith  p re v io u s ly  p u b lis h e d  data th a t  the re  are th ree  
h ig h  a f f i n i t y  c a lc iu m -b in d in g  s i te s  in  f ib r in o g e n .  In d ir e c t  
ev idence was o b ta in e d  which suggests th a t  the d ie  la  to r  EGTA 
b in ds  to  the f ib r in o g e n  m o lecu le .
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I N T R O D U C T I O N
-  1 -
1 ,1 . CHEMICAL COMPOSITION OF FIBRINOGEN
F ib rin o g e n  is  a s o lu b le  p ro te in ,  w ith  a c o n c e n tra tio n  in  human 
plasma o f  about 3 mg/ml,whose main b io lo g ic a l fu n c t io n  is  as a 
p re c u rs o r to  f i b r i n  th e  m ajor s t r u c tu r a l  e lem ent in  the  haem osta tic  
p lu g . I t  may a lso  p la y  a s ig n i f ic a n t  ro le  in  the  defence 
mechanisms a g a in s t b a c te r ia l  in fe c t io n  (Hawiger e t  a l . ,  1975), the  
in fla m m a to ry  r e s p o n s e  (B e rn h a rt e t  a l , ,  1971) and in  wound h e a lin g  
(D uchart & Beck, 1968), However i t  i s  because o f  f ib r in o g e n 's  
im portance  in  haem ostasis and th rom bo-em bo lic  d isease th a t  i t s  
s t ru c tu re  and the  mechanism by which i t  i s  conve rted  to  f i b r in  
have been so in te n s iv e ly  s tu d ie d .
Human f ib r in o g e n  i s  a dim er (Blomback & Yamashina, 1958) the  two 
id e n t ic a l  ha lves  each c o n s is t in g  o f  th re e  p o ly p e p tid e  cha ins .
These cha ins  have been des igna ted  AoC , ByS and X and have mole­
c u la r  w e igh ts  o f 67,000 56,000 and 47,000 re s p e c t iv e ly  (G affney & 
Dobos, 1971), T h is  g ive s  a va lue o f  170,000 fo r  the  m o le cu la r 
w e igh t of. the  h a l f  m olecu le  and 340,000 fo r  the  whole m olecule 
which is  in  agreement w ith  the  m o le cu la r w e igh t va lues ob ta ined  
from se d im e n ta tio n  data in  the  a n a ly t ic a l c e n tr ifu g e  (Shulman, 1953; 
Caspary & Kekw ick, 1957) and by l i g h t  s c a t te r in g  s tu d ie s  (K a tz  e t  a l , ,  
1952), 4-5% o f  the  m o le cu la r w e ig h t is  c o n tr ib u te d  by c o v a le n t ly
bound ca rbohydra te  and th e re  is  a lso  a sm a ll amount o f  e s te r - l in k e d  
p hospho ric  and s u lp h u r ic  a c id . There are 56-58 c y s te in e  res idues  
in  the  f ib r in o g e n  m o lecu le  and a l l  are in v o lv e d  in  d is u lp h id e  bond­
in g  (Loewy e t a l . ,  1961). The th re e  p o ly p e p tid e  cha ins  in  each
2 -
h a lf-m o le c u le  are h e ld  to g e th e r by d is u lp h id e  bonds (C legg & B a ile y , 
1962; Henschen, 1963) and the two h a l f  m olecules are lin k e d  by 
d is u lp h id e  b rid g e s  between the two A oC - cha ins  and the two V - chains 
(Blomback, 1970).
1 .2 . F IBRINOGEN DEGRADATION PRODUCTS
F ib rin o g e n  is  the p r in c ip a l  s u b s tra te  fo r  two plasma enzymes p lasm in  
(EC 3 .4 .4 .1 4 )and throm bin (EC 3 .4 ,4 .1 3 ) .  F ib rinogen  is  conve rted  to  
the  in s o lu b le  p o lym e ric  g e l f i b r i n ,  by the a c tio n  o f  throm bin  which 
c leaves sm a ll p e p tid e s , the  s o -c a lle d  f ib r in o p e p t id e s ,  from the amino 
te rm in a l ends o f  the A ok- and B ^ -c h a in s  (B a ile y  e t  a l . ,  1951; Lorand, 
1952). The r e s u lt in g  f i b r in  monomers spontaneously po lym erise  to  a 
f i b r i n  g e l which is  s ta b i l is e d  by the a c tio n  o f  a tra n sg lu ta m in a se , 
F a c to r X I I I ,  which c a ta ly s e s  the fo rm a tio n  o f  co v a le n t bonds between 
(A.- chain  p a irs  and T f-cha in  p a irs  in  a d ja c e n t m olecules (McKee e t  a l .  
1970; Chen & D o o l i t t le ,  1971). The i n i t i a l  a c tio n  o f  throm bin  is  on 
f ib r in o p e p t id e  A which is  removed ra p id ly  from the A <A.- c h a in .
F ib r in o p e p tid e  B is  re le a se d  a f t e r  a la g  phase du ring  which po lym er­
is a t io n  has a lre d y  commenced (Blomback e t  a l . ,  1957; Blomback & 
Vesterm ark, 1958; T e g e r-N ilsso n , 1967). Blomback e t  a l .  (1957) have 
shown th a t  f ib r in o p e p t id e  A re le ase  is  s u f f ic ie n t  fo r  g e la t io n  to  
occur w ith o u t any d e te c ta b le  re le ase  o f  f ib r in o p e p t id e  B.
In  v iv o , p lasm in is  p r im a r i ly  re s p o n s ib le  fo r  the d is s o lu t io n  o f  
the  f i b r in  c lo t .  In  v i t r o  i t  has been u t i l i s e d  a long  w ith  cyanogen 
bromide (CNBr) to  he lp  c h a ra c te r is e  the p rim a ry  s t ru c tu re  o f  f i b -
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rinogen  and e lu c id a te  the  g ross s t ru c tu re  o f  the  m o lecu le , 
Plasmin is  the  a c tiv e  form  o f  the  enzyme plasm inogen and the 
f i r s t  d e ta ile d  s tudy  o f the  p roduc ts  o f f ib r in o g e n -p la s m in  
in te r a c t io n s  was made by Nussenzweig e t  a l ,  (1961). They con­
cluded th a t  the  te rm in a l deg rada tion  p roduc ts  D and E account 
fo r  70% o f the  f ib r in o g e n  m o lecu le , A g ene ra l scheme fo r  the  
d ig e s tio n  o f  f ib r in o g e n  by p lasm in  has been proposed by Harder 
e t  a l . (1969 ), in  which f ib r in o g e n  i s  c leaved a s y m m e tr ic a lly .
Th is  scheme has been e la b o ra te d  upon b u t the  m a jo r aspects o f  
the  deg rada tion  sequence are g e n e ra lly  accepted (F ig u re  1 ) .
The in d iv id u a l  p o ly p e p tid e  cha ins  vary in  t h e i r  s u s c e p t ib i l i t y  
to  p lasm in  d ig e s t io n ,  the  ApL-cha in  being more re a d ily  d ig e s te d  
than ByS w ith  the. V -ch a in  le a s t  s u s c e p tib le  to  d ig e s t io n  
(Murano e t  a l . ,  1972), The f i r s t  s tep in  d ig e s tio n  in v o lv e s  the 
rem oval o f  the  c a rb o x y l h a l f  o f  the  k&L- cha ins le a v in g  f ra g ­
ment X. Th is  is  fo llo w e d  by the  lo s s  o f  the  a m in o -te rm in a l end 
o f  the  B y6 'cha in s  and the  asym m etrica l s p l i t t i n g  o f  the  th ree  
cha ins  in  one h a l f  o f  the  m olecule  re le a s in g  one fragm ent D.
The rem ain ing  fragm ent is  fragm ent Y and subsequent ly s is  re ­
leases ano the r D fragm ent le a v in g  the  o th e r core fragm ent -  
fragm ent E. Thus the  f ib r in o g e n  m olecule g ive s  r is e  to  two 
fragm ents D and one fragm ent E. Fragment E is  d im e r ic ,  c o n ta in ­
in g  fragm ents o f  a l l  s ix  cha ins  h e ld  to g e th e r by d is u lp h id e  
bondS;and corresponds to  the  N -te rm in a l re g ion  o f  f ib r in o g e n  
w h ile  fragm ents D a r is e  from re g io n s  lo c a te d  near the  c a rb o x y l 
te rm in a l o f  the f ib r in o g e n  m o lecu le . In  v i t r o  d ig e s t io n  o f
T-"----1—1—1—r A
D
D
I
X
E
Y
l _ . i  ; ; :
D
T  1  ■ « I
.1 .m u. g — ,,1 ,1  I
ig u re  1: Schematic diagram o f  the d ig e s tio n  o f  f ib r in o g e n  (F) to
i t s  core fragm ents D and E by the a c tio n  o f  p lasm in 
( L a ta l lo ,  1973)
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f ib r in o g e n  by p lasm in re s u lts  in  a fa m ily  o f D fragm ents which are 
heterogeneous in  bo th  s iz e  and charge w ith  m o le cu la r w e igh ts  rang ­
in g  from 73,000 to  100,000 (G affney & Dobos,1971). T h is  h e te ro g e n e ity  
a r is e s  from v a ry in g  degrees o f  d ig e s tio n  o f  the  ca rb o x y l re g io n  o f  
the  Y -cha in  (Ferguson e t a l . ,  1975) and is  in f lu e n c e d  by the  presence 
o f  ca lc ium  io n s  o r c h e la t in g  agents such as EDTA (Purves e t a l , ,  1978a)
F ib rin o g e n  c o n ta in s  about 60 m e th ion ine  res idues  and cyanogen bromide 
re a c ts  a t  these re s id ue s  r e s u lt in g  in  some 30 fragm ents. Some are 
s in g le  p o ly p e p tid e  cha ins w h ile  o th e rs  c o n s is t o f  a number o f p e p tid e  
fragm ents h e ld  to g e th e r by d is u lp h id e  b rid g e s . Those fragm ents con­
ta in in g  d is u lp h id e  bonds are c a lle d  d is u lp h id e  kn o ts  (DSK). The 
m a jo r ity  o f  the  c y s te in e  re s id u e s  are con ta in ed  in  fo u r  fragm ents o f 
which two are hydrophob ic  and two are h y d ro p h il ic  in  n a tu re . The 
la rg e s t  CNBr fragm en t, o f  m o le cu la r w e igh t 60 ,000 , i s  composed o f  the  
N - te rm in a l fragm ents o f  a l l  s ix  p o ly p e p tid e  cha ins  o f  f ib r in o g e n  
(Blomback e t a l . , 1968) and is  known as the  N - te rm in a l d is u lp h id e  
kno t (N-DSK). I t  c o n ta in s  11 o f  the 28 d is u lp h id e  b rid g e s  o f f i b ­
rinogen  and has a c o n s id e ra b le  p o r t io n  o f  i t s  s t ru c tu re  in  common 
w ith  fragm ent E. Fragment E is  s m a lle r  la c k in g  the  f i r s t  53 amino 
a c id s  o f  the  B - chain and a c a rb o x y l p o r t io n  o f  the  V -c h a in  when 
compared to  the  N-DSK b u t has lo n g e r AoL- and B -  ch a ins . The 
o th e r h y d ro p h o lic  DSK corresponds to  the  c a rb o xy l end o f  the  AoL- 
ch a in  w h ile  the  two hydrophob ic  kno ts  are co n ta in e d  w ith in  p lasm in  
fragm ent D. The cha in  remnant com pos ition  o f these fragm ents may 
be o f im portance  when c o n s id e r in g  the  3 -d im e n s io n a l shape o f  the
_ 5 -
f ib r in o o e n  m olecu le  and i t s  behav iou r in  s o lu t io n .
1 .3 . HETEROGENEITY
F ib rin o ge n  h e te ro n e n e ity  has been c h a ra c te r is e d  by d if fe re n c e s  in  
s o lu b i l i t y  (Mosesson & S he rry , 1966; L ip in ska  e t a l . ,  1974) e le c t r o ­
p h o re t ic  m o b i l i t y  (Takag i & Iwanaga, 1969; Mosesson e t a l . ,  1974;
G a ffney, 1971; Arnesen, 1974) m o le cu la r w e i-jh t (Mosesson e t a l . ,  1967; 
Mosesson e t a l . ,1972b) and chrom atograph ic e lu t io n  p r o f i le s  (F in la yso n  & 
Mosesson, 1963; F in la yson  & Mosesson, 1964; Mosesson & S he rry , 1966).
T h is  h e te ro n e n e ity  can, in  p a rt^b e  e xp la in e d  by d if fe re n c e s  in  ca rbo ­
h yd ra te  co n te n t o f  the  p o ly p e p tid e  chains (F in la y s o n  & Mosesson, 1963; 
Mosesson & S he rry , 1966) v a r ia t io n s  in  in c o rp o ra t io n  o f phosphate 
(Blomback e t a l . ,  1963; Blomback e t a l . ,  1972) and m ic ro -h e te ro g e n e ity  in  
the  amino a c id  com pos ition  o f  the  m olecule  (Gerbeck e t a l . ,  1969).
Amino a c id  v a r ia t io n  is  re s p o n s ib le  fo r  the  presence o f two d is t in c t  
^ -c h a in s ,  found in  both  human (Mosesson e t a l . , 1972a) and bovine 
f ib r in o g e n s  (Mosher & B lo u t,  1973), which are separa ted by a n io n ic  
exchanne and a lk a l in e  p o lya c ry la m id e  g e l e le c tro p h o re s is .  Some o f 
t h is  h e te ro g e n e ity  may r e f le c t  in d iv id u a l gene d if fe re n c e s  as G affney 
(1971) has re p o rte d  f in d in g  le s s  h e te ro n e n e ity  in  s in g le  source f i b ­
rinogen  than in  pooled samples.
h e te ro g e n e ity  o f f ib r in o g e n  is  a lso  re f le c te d  in  the  s o lu b i l i t y  o f 
the  p re p a ra tio n . Mosesson & Sherry (1966 ), who p repared  n ine  
d i f fe r e n t  f ib r in o g e n  f r a c t io n s ,  a l l  w ith  c l o t t a b i l i t y  g re a te r  than 
9U%, by g ly c in e /e th a n o l p r e c ip i ta t io n  found th a t  d i f fe r e n t  f r a c t io n s
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co n ta in ed  f ib r in o g e n  o f  d i f f e r e n t  m o le cu la r w e igh ts  as determ ined 
by a n a ly t ic a l  u l t r a c e n t r i f u g a t io n  and sodium dodecyl su lp ha te  
p o lya c ry la m id e  g e l e le c tro p h o re s is  (SDS-PAGE). These d if fe re n c e s  
in  s o lu b i l i t y  are re la te d  to  d if fe re n c e s  in  m o le cu la r w e igh t w ith  
low s o lu b i l i t y  f ib r in o g e n  hav ing  a h ig h e r m o le cu la r w e igh t than 
h igh  s o lu b i l i t y  p re p a ra tio n s  (Mosesson. e t  a l . ,  1967), Mosesson 
e t  a l .  (1972b) con firm ed  th is  and dem onstra ted, by t r y p t ic  d ig e s t 
p e p tid e  maps o f  the  in d iv id u a l  p o ly p e p tid e  cha ins  o f  f ib r in o g e n , 
A<s>k, and , th a t  the  m o le cu la r w e igh t v a r ia t io n s  shown by 
s o lu b i l i t y  and e le c tro p h o re t ic  s tu d ie s  a r is e  from the  degree o f  
deg rada tion  o f  the  A<A.-chain o n ly  and th is  deg ra d a tio n  is  a t the  
c a rb o x y l te rm in a l o f  the  c h a in . T h is  h e te ro g e n e ity  in  the  mole­
c u la r  w e igh t o f  the  f ib r in o g e n  m olecule  is  though t to  be the  
r e s u l t  o f  in  v iv o  enzymic d eg rada tion  (Sherman e t a l , ,  1969; 
Semerar'o e t a l . ,  1977) p ro b a b ly  by p lasm in  (Mosesson e t a l . ,  1974),
M i l ls  and K a rp a tk in  (1970) found, us ing SDS-PAGE, two A X .-cha in  
spec ies  d i f f e r in g  in  m o le c u la r w e igh t by 3 ,000. Th is m o le cu la r 
w e igh t d if fe re n c e  corresponds to  th e  lo ss  o f  a 2 7 -re s id u e  pep tid e  
re le ase d  du rino  the  e a r ly  s tages o f  p lasm in d ig e s tio n  o f  f ib r in o g e n  
in  v i t r o  ( C o t t r e l l  & D o o l i t t le ,  1976).
F ib rin o g e n  p repared from f re s h ly  c o lle c te d  plasma c o n ta in s  both 
AoE-chain spec ies  sugges ting  th a t  removal o f  t h is  s m a ll p e p tid e  
from the  c a rb o x y l end o f the  AX.- cha ins occurs in  v iv o . Semeraro 
e t  a l .  (1977) have dem onstrated th a t  the  p ro p o r t io n  o f  the  s m a lle r 
A X -c h a in  is  g re a te r  in  f ib r in o g e n  p repared from ou tda ted  human
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plasma. Thus m o le cu la r w e igh t h e te ro g e n e ity  o f  the  AcA-chain o f  
f ib r in o g e n ,  commonly found in  com m ercial p re p a ra t io n s , is  p robab ly  
a r e s u l t  o f  both in  v iv o  and in  v i t r o  deg ra d a tio n .
1 .4 . FIBRINOGEN SHAPE
A t p resen t the re  i s  no g en e ra l agreement on the  s iz e  and shape o f  
f ib r in o g e n  d e s p ite  the  re ce n t success o f  the  com p le tion  o f  the 
sequencing o f  the  human f ib r in o g e n  m olecule (Henschen & L o tts p e ic h , 
1977; Henschen e t  a l . ,  1978; Watt e t  a l . ,  1979a,b ) .  D u ring  the  
past 30 years many groups have in v e s t ig a te d  f ib r in o g e n  s t ru c tu re .
To d a te , unm od ified  f ib r in o g e n  has n o t been c r y s ta l l is e d  in  a form 
s u ita b le  fo r  X -ray  d i f f r a c t io n  experim ents th e re fo re  in fo rm a tio n  
on the  s iz e  and shape o f  the  m olecule  has been d e r iv e d  m a in ly  from 
p h ys ico -ch e m ica l data and e le c tro n  m icroscopy.
E le c tro n  m icroscopy has g iven r is e  to  fo u r  p r in c ip a l  models. H a ll & 
S la y te r  (1959) used shadow c a s tin g  to  s tudy bovine f ib r in o g e n . T h is  
techn ique  re q u ire s  deh yd ra tion  o f  the  m olecule  and under these con­
d i t io n s  the  m olecu le  appears as a l in e a r  a rra y  o f th re e  nodu les h e ld  
to g e th e r by th in  th rea d s  (F ig u re  2a). The two o u te r nodu les appear 
to  be id e n t ic a l  and s l i g h t l y  la rg e r  than the  c e n t ra l nodu le . The 
o v e r a l l  le n g th  o f  the  m olecule  was es tim a ted  as 47.5-nm + 2 . 5  nm. Th is 
model has been supported  by the  work o f  Fow ler & E rickson  (1979) and 
P ric e  e t  a l .  (1981) the  fo rm er us ing  both shadowing and n eg a tive  
s ta in in g  techn iques . In  both  these s tu d ie s  the  t r i - n o d u la r  rod was 
found to  have a degree o f  f l e x i b i l i t y  w ith  bo th  c re sce n t and 5-shaped 
m o lecu les v is ib le .  Recent s tu d ie s  em ploying a n tib o d ie s  (T e lfo rd  e t  a l.
a)
Q==0=====Q
475 nm
b)
6-5 nm
4— 15rm-----1
23 nm
45 nm
c) f 45 nm
F ig u re  2: Proposed Shapes fo r  the  F ib rin o ge n  M olecule
a) H a ll  & S la y te r  (1959)
b) D o o l i t t le  e t  a l .  (1977)
c ) Bachmann e t .  a l .  (1975)
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1980) and a n tib o d y  fragm ents (P r ic e  e t  a l . ,  1981) have id e n t i f ie d  
the  ce n tre  nodule as co rrespond ing  to  Fragment E and the  t e r ­
m in a l nodules as analogous to  fragm ent D. D o o l i t t le  e t  a l .  (1 9 77 ), 
us ing  computer s im u la t io n  te ch n iq u e s , found su pp o rt fo r  the  H a ll & 
S la y te r  t r i - n o d u la r  model from p rim a ry  s t ru c tu re  data and in d ic a te d  
p lasm in  r e s is ta n t  and p lasm in  s u s c e p tib le  s i te s  in  the  m olecu le  
(F ig u re  2b). C o ile d  c o i ls  o f the  th re e  p o ly p e p tid e  cha ins  are 
though t to  l i n k  the  th re e  domains w h ile  the  f ib r in o p e p t id e s  and 
c a rb o x y l te rm in a l re g io n s  o f  the  AoL-cha ins swim fre e  and a re , th e re ­
fo re ,  more s u s c e p tib le  to  enzyme a tta c k . Th is  is  in  agreement w ith  
the  r e s u lts  o f  Fow ler e t  a l .  (1980) who in v e s t ig a te d  by e le c tro n  
m icroscopy the  p lasm in  d ig e s t io n  p roduc ts  o f f ib r in o g e n .  They found 
fragm ent X to  be in d is t in g u is h a b le  from f ib r in o g e n ,  fragm ent Y to  be 
two lin k e d  nodu les and the  te rm in a l p roduc ts  D and E s in g le  nodu les .
Bachmann e t  a l . (1975) s tu d ie d  the  hydra ted  m olecu le  by the  fre e z e - 
e tc h in g  techn ique  and found m o lecu les which appeared as c y lin d e rs  
w ith  rounded ends 45 nm + nm long and d iam ete r 9 nm ^  1 nm 
(F ig u re  2 c ), d im ensions com p a tib le  wibh the  H a ll & S la y te r  model. 
These m o lecu les  a lso  showed some f l e x i b i l i t y  and the  w a te r o f  
h y d ra tio n  was c a lc u la te d  as 4 g H^O/g p ro te in .
Koppel (1966, 1970) employed ano the r e le c tro n  m icrograph  te c h n iq u e , 
th a t  o f  n e g a tive  s ta in in g .  He described  s p h e r ic a l p a r t ic le s  o f  
24 nm d iam ete r w h ich , he suggested, had the  form o f  a pen tagona l 
dodecahedron (F ig u re ra  ) .  From these re s u lts  fo r  the  hydra ted  
m olecu le  he proposed th a t  f ib r in o g e n  is  a non-compact p a r t ic le
a)
b)
fibrinogen
throm bin
Î
22nmI
f i b r in
monomer
F igu re  3; Proposed shapes fo r  the F ib rin o ge n  M olecule
a) Koppel (1966)
b) Hudry-C lergeon e t .  a l .  (1975)
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w ith  the  p o lyp e p tid e  cha ins s itu a te d  on the  su rfa ce  o f  the  mole­
cu le  along tlie  edges o f  the dodecahedron and the  i n t e r io r  f i l l e d  
w ith  s o lv e n t.
PoLiit e t  a l .  (1972 ), a lso  using  n eg a tive  s ta in in g ,  found s p h e r ic a l 
p a r t ic le s  w ith  dim ensions in  agreement w ith  K op p e l's  data . They 
extended the  model by sugges ting  th a t ,  on the a c tio n  o f  th rom bin , 
the re  is  a co n fo rm a tio n a l change in  the m o lecu le , as the  f ib r in o ­
p e p tid e s  are  re le ase d , g iv in g  a l in e a r  arrangement o f the  f ib r in  
monomer (F ig u re  3b)( Hudry-C lergeon e t a l .  1975; P o u it e t  a l .  1975).
Th is v a r ia b i l i t y  o f  r e s u lts  has, in  p a r t ,  been a t t r ib u te d  to  an 
abno rm a lly  h igh  degree o f  h y d ra tio n  o f  the f ib r in o g e n  m olecule
(.bang 1964: Karkow e t a l . ,  1972). There a lso  appears to  be some c o r­
r e la t io n  between the techn ique  used and t!ie  m olecule  shape proposed 
w ith  shadow c a s tin g  fa v o u rin g  c ly in d r ic a l  m olecules composed o f 
nodules and neg a tive  s t  l in in g  g iv in g  r is e  to  s p h e r ic a l p a r t ic le s .
I'lore re c e n t ly  however Fowler & E rickson  (1979) ob ta ined  t r i -  
nodu la r s tru c tu re s  using both shadowing and n e g a tiv e -s ta in in n  
tech n iq ue s . E s t is  & haschemeyer (1980) liave prepared n e g a t iv e ly -  
s ta in e d  m icrographs a t v a ry in g  c o n c e n tra tio n s  o f  f ib r in o g e n  and 
found rod-shaped m olecu les a t low p ro te in  c o n c e n tra tio n s  and 
re s u lts  s im i la r  to  K op p e l's  a t h igh  p ro te in  c o n c e n tra t io n s , sug- 
n e s tin n  th a t  the  la t t e r  r e s u lts  are a r te fa c ts .  C onverse ly ,
Mosesson e t a l .  (1979) c a r r ie d  ou t shadow c a s tin g  o f  f ib r in o g e n  
a t va ry in g  p ro te in  c o n c e n tra tio n s  and found th a t ,  a t  low con-
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c e n tra t io n s ,  p a r t ic le s  o f  10 nm d iam eter e q u iv a le n t to  s in g le  
H a ll  & S la y te r  nodu les predom inated. Th is work i s  in  agreement 
w ith  th a t  o f  B lakey e t  a l .  (19 77),
S im ila r ly  p h y s ico -ch e m ica l s tu d ie s  have g iven r is e  to  a 
number o f  p o s s ib le  d ive rse  shapes fo r  the f ib r in o g e n  m o lecu le . 
Hydrodynamic data in d ic a te s  a rod-shaped m olecule (Scheraga & 
Laskowski, 1957) however the in te r p r e ta t io n  o f  hydrodynam ic 
data i s  dependent on the  e s tim a tio n  o f  the degree o f  h y d ra tio n  
o f  the m o lecu le . A sw o llen  la t t i c e  s t ru c tu re  is  a ls o  com patib le  
w ith  the data i f  a h ig h e r va lu e , o f  6 g H^O/g p ro te in ,  is  
assumed fo r  the degree o f  h y d ra tio n  o f  the  m olecule ( M arguerie & 
Struhrm ann, 1976). S e r ra lla c h  e t  a l .  (1979) were unable to  o b ta in  
good agreement between e x p e r im e n ta lly -d e r iv e d  hydrodynam ic param eters 
and those c a lc u la te d  fo r  the v a rio u s  f ib r in o g e n  shapes p repared 
from e le c tro n  m icrograph data even when the degree o f  h y d ra tio n  
was v a r ie d  w ith in  wide l im i t s  to  a maximum o f  9 g h^Q/g p ro te in .  
Agreement co u ld  o n ly  be o b ta in e d  i f  a h ig h ly  f le x ib le  m olecule o f  
le n g th  90 nm, co rrespond ing  to  two H a ll  & S la y te r  m olecules jo in e d  
to g e th e r end to  end, and 9 nm d iam eter was env isaged. M arguerie 
(1979 ), us ing  s m a ll-a n g le  neu tron  s c a t te r in g ,  proposed a f la t te n e d  
d isk  w ith  c e n t ra l c l e f t ,  which has some degree o f  f l e x i b i l i t y .
Lederer (1979) a ls o  suggested a f le x ib le  m olecule from data 
ob ta in ed  from s m a ll-a n g le  X -ray  s c a t te r in g  b u t v is u a lis e d  a 
c ly in d r ic a l  m olecule o f.  le n g th  45 nm.
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In ta c t  f ib r in o g e n  has n o t been c r y s ta l l is e d  and, th e re fo re ,
X -ray  d i f f r a c t io n  s tu d ie s  have n o t been perfo rm ed. W eise l e t  a l .  
(1978) have c a r r ie d  ou t X -ray  d i f f r a c t io n  s tu d ie s  on f ib r in o g e n  
m o d ifie d  by b a c te r ia l  p ro te a ses . As a r e s u l t  o f  these in v e s t i ­
g a tio n s  the au tho rs  concluded th a t  f ib r in o g e n  is  a l in e a r  mole­
cu le  o f  le n g th  43 nm and is  c lo s e ly  re la te d  in  s t ru c tu re  to  
f i b r i n .  Such work must be in te rp re te d  w ith  care however as the 
conve rs ion  o f  f ib r in o g e n  to  f i b r in  is  a r e s u l t  o f  o n ly  a sm a ll 
change in  the m o le cu la r w e ig h t o f  the m o lecu le .
1 .5 . CROSS-LINKING
Chemical c ro s s - l in k in g  o f fe r s  an a lte r n a t iv e  method fo r  s tu d y in g  
the shape o f  the f ib r in o g e n  m o lecu le . Chemical c ro s s - l in k in g  
agents c r o s s - l in k  a m ino -ac id  re s id u e s  which l i e  a d e f in i te  d is ­
tance a p a r t .  The p o s it io n  o f  each c r o s s - l in k  is  dependent on 
the  t e r t ia r y  s t ru c tu re  o f  the p ro te in  and may id e n t i f y  re g ion s  
o f  the m olecule which are in  c lose  p ro x im ity .  B ifu n c t io n a l 
agen ts , th e re fo re ,  have the  p o te n t ia l  to  p ro v ide  in fo rm a tio n  
about changes in  con fo rm a tio n  b ro ug h t about by enzym ic d ig e s tio n  
o r p h ys ico -ch e m ica l tre a tm e n ts .
The re s u lts  o f  work by F u rlan  & Beck (1975 ), who employed the 
b i fu n c t io n a l  agent Tetra n itro m e th a n e  to  c ro s s - l in k  f ib r in o g e n , 
in d ic a te  th a t  the A«A.- chain  is  on the su rface  o f  the m o lecu le . 
Th is is  com patib le  w ith  the known s u s c e p t ib i l i t y  o f  the A cc-cha in
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to  p lasm in  d ig e s t io n .
1 .6 . CALCIUM BINDING
The im portance o f  ca lc ium  in  the  b lo o d -c lo t t in q  process has long 
been recogn ised  b u t i t  i s  on ly  re c e n t ly  th a t  the im portance o f  
ca lc ium  io n s  to  the  s t r u c tu r a l  in t e g r i t y  and fu n c tio n  o f  f ib r in o g e n  
have been emphasised. F ib rin o g e n  p re p a ra tio n s  are commonly con­
tam ina ted  w ith  F a c to r X I I I  and tra c e s  o f p ro th rom b in  whose a c tio n s  
are  re a d ily  in h ib i te d  by the  removal o f  ca lc ium  io n s . Hence the 
im portance  o f  ca lc ium  io n s  as an in te g r a l  p a r t  o f  th e  f ib r in o g e n  
m olecu le  has been o ve rloo ke d .
Calcium io n s  b in d  to  f ib r in o g e n  (M arguerie  e t  a l . ,1 9 7 7 ) ,s ta b i l is e  
i t  a g a in s t d é n a tu ra tio n  by a c id  (M arguerie , 1977), hea t and 
a l k a l i  ( Ly& C odai, 1972) and l i m i t  the  d ig e s tio n  o f  both f ib r in o g e n  
and f ib r in  by p ro te a ses  such as t r y p s in  ( Komenko & B e l i t s e r ,  1963) 
and p lasm in  (H averka te  & Timan, 1977).
The p lasm in  d ig e s t io n  p roduc ts  o f  f ib r in o g e n  p repared  in  ca lc ium  
dep le ted  s o lu t io n s  are known to  be u n s ta b le . Fragment D prepared 
under these  c o n d it io n s  is  found to  be heterogeneous w ith  a mole­
c u la r  w e igh t range o f  80,000-93 ,000  (H averkate & Timan, 1977).
T h is  h e te ro g e n e ity  i s  a r e s u l t  o f  the  p ro g re ss ive  d ig e s t io n  o f  the  
c a rb o x y l te rm in a l o f  the  "K-chain in  fragm ent D. H averkate  & Timan 
(1977), fo llo w e d  the  d ig e s t io n  o f  f ib r in o g e n  by p lasm in  a t p h y s io ­
lo g ic a l  c o n c e n tra tio n s  o f  ca lc ium  and re p o rte d  th a t  the  ra te  o f 
d ig e s t io n  is  reduced and a s in g le  species o f fram ent D o f m o le cu la r 
w e igh t 93,000 r e s u lts .  T h is  is  supported  by Curves e t  a l .  (1978a)
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who suggested th a t  ca lc ium  io n s  p ro te c t  fragm ent D by b in d in g  w ith  
h igh  a f f i n i t y  to  the V 'c h a in .  They found th a t  the  V -c h a in , 
m o le cu la r w e igh t 38,000 was n o t s u s c e p tib le  to  fu r th e r  degrada tion  
by plasm in w h ile  ca lc ium  io n s  were p re sen t in  s o lu t io n .  But i f  
fragm ent D was d ia ly s e d  fo r  long p e rio d s  a g a in s t c a lc iu m -fre e  
s o lu t io n s  o r i f  c h e la t in g  agents such as EDTA were added, the 
Y -cha in  degraded ra p id ly  to  a chain  o f  m o le cu la r w e igh t 25,000,
T liis  d ig e s tio n  o f  the  V - chain  accounts fo r  the appearance o f the 
s m a lle r Fragment D o f m o le cu la r w e igh t 80,000 and fragm ents D o f 
in te rm e d ia te  s iz e . Calcium ions  a ls o  lend s t a b i l i t y ,  in  t lie  p re ­
sence o f h in h  c o n c e n tra tio n s  o f  p la sm in , to  D -d im er a p ro du c t o f 
p lasm in d ig e s tio n  o f the f i b r in  c lo t  (Curves e t a l .  1978a). Ferguson 
e t a l.  (1975) suggested th a t  F -d im er was p ro te c te d  by v ir tu e  o f  the  
F a c to r X I I I  c ro s s - lin k e d  s i te s  be ing  occupied. However Curves e t a l.  
(1978a) have snown th a t  i t  is  the  presence o f ca lc ium  io n s ,n o t 
occupa tion  o f  the c ro s s - l in k  s ite ,w h ic h  is  re s p o n s ib le  fo r  p ro ­
te c t io n  D-dim er as s t a b i l i t y  is  reduced in  the presence o f c h e l­
a tin g  agents . The e f fe c t  o f c h e la t in g  agents is  re v e rs ib le  as the 
re -a d d it io n  o f ca lc ium  s ta b i l is e s  the rem ain ing D -d im er and D -species 
o f a l l  types .
Many s tu d ie s  o f  ca lc ium  b in d in g  have been made in d i r e c t l y  by 
s tu d y in g  the  e f fe c t  o f  the  c h e la to r  EDTA. In th is  way Dodal (1960, 
1969) in v e s tig a te d  the  in f lu e n c e  o f ca lc ium  on the  c lo t t in g  p ro ­
cess. He found an in c re a se  in  the throm bin  c lo t t in g  tim e as the 
EDTA co n c e n tra tio n  was inc re ase d  and th is  e f fe c t  was through the 
f ib r in  p o ly m e r is a tio n  s tep  ra th e r  than the a c t iv a t io n  o f f ib r in o g e n
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by th rom bin , fu rth e rm o re  tiie  e f f e c t  o f EDTA was though t to  be 
tliro u gh  the removal o f  s tro n g ly  bound ca lc ium  io n s  from the 
f ib r in o g e n  m olecule ra th e r  than as a d ir e c t  in te r a c t io n  between 
EDTA and f ib r in o g e n  as suggested by B i t h e l l  ( 1964). However 
i t  is  g e n e ra lly  accepted th a t  as a r e s u lt  o f  the removal o f 
s t ro n g ly  bound ca lc ium  ions  the f ib r in o g e n  m olecu le  becomes more 
e a s i ly  denatured. As a consequence c h e la t in g  agents such as 
EDTA must be used w ith  care to  avo id  i r r e v e r s ib le  changes in  the 
f ib r in o g e n  m o lecu le .
Endres & Sheraga (1972) were f i r s t  to  suggest th a t  the re  are a t 
le a s t  two types o f  c a lc iu m -b in d in g  s i te s  in  f ib r in o g e n . Maguerie 
(1977) in v e s tig a te d  the  c a lc iu m -b in d in g  p ro p e r t ie s  o f bovine  
f ib r in o g e n  and from e q u il ib r iu m  d ia ly s is  data proposed th ree  h igh 
a f f i n i t y  c a lc iu m -b in d in g  s i te s  (K^IO ^M) and a number o f  b in d in g  
s i t e s ,  around 12-15 , o f low er a f f i n i t y  (K^IO \ l ) .  The low a f f i n i t y  
b in d in g  s i te s  are e lim in a te d  in  the  presence o f magnesium ions  
sugges ting  th a t  they are n o n -s p e c if ic  b in d in g  s i te s ,  However 
magnesiun ions cannot s u b s t itu te  fo r  ca lc ium  ions  a t the h igh 
a f f i n i t y  b in d in g  s i te s .  M arguerie  found two o f the  th ree  s i te s  to  
be id e n t ic a l  w h ile  the t h i r d  is  d i f fe r e n t  being e lim in a te d  a t pH 
va lues below pH o.O. This suggested th a t  h is t id in e  res idues  were 
in v o lv e d  in  b in d in g  ca lc ium  through a ch e la te  system a t the t h i r d  
s i t e .  Lindsey e t  a l .  (1978) and 'üeuwenhuizen e t  a l .  (1979) a lso  
in v e s t ig a te d  the h igh  a f f i n i t y  ca lc ium  b in d in g  s i te s  in  f ib r in o g e n  
and ob ta in ed  s im i la r  r e s u lts .  They lo c a te d  two o f the  th ree  b in d ­
in g  s ite s  one in  each p lasm in  fragm ent D. Calcium bound on ly  to
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fragment D p repared in  the presence o f  ca lc ium  (^1 mM) n o t to  
the s m a lle r D o b ta ined  from d ig e s tio n  in  the presence o f  EDTA.
This would im p ly  th a t  the h igh  a f f i n i t y  ca lc ium  io n  b in d in g  
in  fragment D p ro te c ts  a g a in s t fu r th e r  p lasm in a tta c k  and is  
lo ca te d  in  the ca rb o yx l te rm in a l o f  the V -ch a in  remnant in  
fragm ent D. This is  supported  by in d ir e c t  evidence from Lawrie &
Kemp (1979) j ho  found th a t  the m o b i l i t ie s  o f  Fragment D and the 
Y -c h a in  o f  f ib r in o g e n , as measured on sodium dodecyl su lpha te  
p o lyac ry lam id e  g e l e le c tro p h o re s is ,  is  increased  in  the  presence 
o f  ca lc iu m , an e f fe c t  which can be e xp la in e d  by p o s tu la t in g  an 
in t ra -c h a in  loop in  the X - chain  s ta b i l is e d  under dena tu ring  
c o n d it io n s  by ca lc ium .
The lo c a tio n  o f  the t h i r d  h igh  a f f i n i t y  ca lc ium  b in d in g  s i t e  is  
as ye t un reso lved . I t s  lo c a tio n  in  the m olecule may be o f g re a t 
s ig n if ic a n c e  i f  the re  is ,  as suggested, a t o t a l  o f  th ree  b in d in g  
s ite s  in  the f ib r in o ie n  m o lecu le . Assuming the symmetry o f 
f ib r in o g e n  the t h i r d  ca lc ium  ion  must l in k  the two ha lves  o f  the 
m olecule  and perhaps c o n tr ib u te  to  a more compact m o le cu la r 
s t ru c tu re .  One p o s s ib le  lo c a tio n  is  in  p lasm in fragm ent E bu t 
no h igh a f f i n i t y  ca lc ium  b in d in g  s i t e  has been found in  fragm ent E 
d e r ive d  from f ib r in o g e n  o r  c ro s s - lin k e d  f ib r in  (Van R u ije n - Vermeer 
1978; L indsey e t  a l ,  1978). M arguerie  (1977) has shown th a t ,  in  
tf ie  presence o f ca lc iu i.i ions^ the ra te  o f cleavage o f the f i r s t  
bonds to  be a tta cke d  by p lasm in  is  reduced. As i t  has been demon­
s t ra te d  th a t  the i n i t i a l  p o in t  o f a tta c k  by plasm in on f ib r in o g e n  is  in
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the c a rb o x y l te rm in a l reg ion  o f  the Aoc-cha in  (P izzo  e t  a l.  1972; 
Mosesson e t a l.  1972) i t  is  p o s s ib le  th a t  the t h i r d  h igh  a f f i n i t y  
b in d in g  s i t e  is  s i tu a te d  in  th is  reg ion  o f  the m o lecu le . Th is 
would re q u ire ,  i f  m o le cu la r symmetry is  to  be m a in ta in e d , a s in g le  
ca lc ium  ion  b r id g in g  the two ha lves  o f  the f ib r in o g e n  m o lecu le . 
Credo e t  a l .  (1978) found th a t  the  presence o f  f ib r in o g e n  reduces 
the  requ irem ent o f F a c to r X I I I  fo r  ca lc ium . The s e c tio n s  o f  the  
f ib r in o g e n  m olecule  re s p o n s ib le  fo r  th is  are the m id se c tion s  o f  
the  É<- cha in  (Credo e t  a l .  1981 ), the  p a r t  o f  the  f ib r in o g e n  
m olecule  where the  <<-chain  c ro s s - l in k  s ite s  are s itu a te d  (Chen & 
D o o l i t t le ,  1971; F re t to  e t  a l . ,1977). This leads to  the  in te r e s t ­
in g  s p e c u la tio n  th a t  t h is  a rea, which is  n o t p a r t  o f  the  m a jo r 
p lasm in  fragm ents D and E , may co n ta in  a t i g h t l y  bound ca lc ium  io n .
The in f lu e n c e  o f  ca lc ium  io n s  on f ib r in o g e n  s t ru c tu re  and the  
manner in  which th is  is  r e f le c te d  in  the p lasm in  deg rada tion  p ro ­
ducts has . been used to  in v e s t ig a te  abnormal f ib r in o g e n s .
Haverkate e t a l.  (1978) have used the d i f fe r e n t  p a tte rn s  ob ta ined  
from p lasm in  d ig e s tio n  in  the presence and absence o f  ca lc ium  to  
examine abnormal f ib r in o g e n  fo r  s t r u c tu r a l  d e v ia t io n s  w h ile  Rupp 
e t  a l .  (1981) have c h a ra c te r is e d  the abnormal f ib r in o g e n  Bern I ,  
which g ives  r is e  to  hypod ys fib rino g e na e m ia , as hav ing  d e fe c tiv e  
ca lc ium  b in d in g  in  the  D-domain o f  the  cha in .
The ro le  o f  the t i g h t l y  bound ca lc ium  in  f ib r in o g e n  is  n o t under­
s tood . Laudano & D o o l i t t le  (1981) have s tu d ie d  the e f f e c t  ca lc ium  
has on the ro le  o f  the N - te rm in a l sequences o f  the and ^ -c h a in s  
exposed by the a c tio n  o f  th rom b in . These sequences in te r a c t  w ith
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the  D-domain o f  an a d ja ce n t m olecule and have a fundam ental 
ro le  in  the fo rm a tion  o f  the f i b r in  c lo t .  They found th a t  
the a f f i n i t y  o f  the amino te rm in a l te tra p e p t id e  o f  the chain 
o f  f ib r in  fo r  f ib r in o g e n  d ra m a tic a lly  in c reases  in  the presence 
o f  2 mM ca lc iu m . By comparison the re  is  no s ig n i f ic a n t  inc rease  
in  the a f f i n i t y  o f  the t r ip e p t id e ,  co rrespond ing  to  the amino 
te rm in a l sequence o f  the f i b r in  ot- ch a in , in  the presence o f  
ca lc ium  io n s , a lthough  the number o f  b in d in g  s i te s  in c re a se .
T h is  inc rease  is  a t t r ib u ta b le  to  the t r ip e p t id e  b in d in g  to  the 
^ - chain  s i t e .  From th is  i t  would seem th a t  ca lc ium  in creases  
the a c c e s s ib i l i t y  o f  the p e p tid e s  to  the b in d in g  s i t e .  I f  th is  
work is  cons ide red  a longs ide  th a t  o f  Credo e t  a l .  (1978,1981) a 
case cou ld  be made fo r  the h igh  a f f i n i t y  b in d in g  s i te s  in  f i b r i n ­
ogen to  have a ro le  in  the c lo t t in g  p rocess.
1 .7 . FLOW DIALYSIS
P rev ious s tu d ie s  o f  h igh  a f f i n i t y  ca lc ium  ion  b in d in g  to  the 
f ib r in o g e n  m o lecu le , be i t  from bovine (M arguerie  e t  a l . ,  1977) 
human (Nieuwenhuizen e t  a l . ,  1979; L indsey e t  a l . ,  1978) o r r a t  
plasma(Van R u ijen-V erm eer e t  a l . ,  1978) have been c a r r ie d  o u t 
us ing  the techn ique  o f  e q u il ib r iu m  d ia ly s is  (S ca tch a rd , 1948).
Th is method re q u ire s  d ia ly s is  o f the p ro te in  sample fo r  up to  
48 hours which in  the case o f  f ib r in o g e n  co u ld  lea d  to  degrada tion  
Another p o s s ib le  method fo r  in v e s t ig a t in g  c a lc iu m -b in d in g  is  f lo w  
d ia ly s is .  Th is was f i r s t  desc ribe d  by Colowid< & Womack (1969) 
when they in v e s t ig a te d  the b in d in g  o f  sugars to  ye a s t hexoses.
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Since then i t  has been used to  s tudy  a number o f  d i f f e r e n t  p ro ­
te in / l ig a n d  systems in c lu d in g  the b in d in g  o f  ca lc ium  to  bovine 
F a c to r X (Yue & G e r t le r ,  1978). The flow  c e l l  desc ribe d  by 
Colow ick & Womack (1969) i s  shown in  f ig u re  4. I t  was n o t 
designed s p e c i f ic a l ly  fo r  flo w  d ia ly s is  b u t fo r  ra p id  removal 
o f  s m a ll m olecules and as a r e s u l t  has a la rg e  membrane s u r­
face area to  upper chamber volume r a t io .  Feldman (1978) de­
s igned a wedge-shaped c e l l  w ith  a low er chaiTt>er o f  very sm a ll 
volume. Th is has the advantage o f  a s m a ll membrane su rface  area 
to  upper chamber volume r a t io  and the ve ry  s m a ll low er chamber 
volume g ive s  a lm ost in s tan tanaeous  m ix ing  and, th e re fo re ,  a very 
s h o r t  e q u i l ib r a t io n  tim e .
The flow  d ia ly s is  method is  based on the ra p id  measurement o f  the 
ra te  o f d ia ly s is  o f  ra d io a c t iv e  s u b s tra te  from an enzym e-substra te  
e q u i l ib r a t io n  m ix tu re  where enzym e-substra te  may be in te rp re te d  as 
a p ro te in  b in d in g  re v e rs ib ly  w ith  a s m a ll m olecule o r io n .  The 
method depends on the o b s e rva tio n  th a t  a l l  fa c to rs  a f fe c t in g  the 
ra te  o f  d ia ly s is  o f  d i f fu s ib le  m a te r ia ls  are co n s ta n t excep t the 
fre e  i . e .  unbound c o n c e n tra tio n  o f  the d ia ly s a b le  spec ies  in  the 
upper comparment. Measurement o f  the r a d io a c t iv i t y  o f  the d ia ly s ­
able substance in  the e f f lu e n t  is  a measure o f  the c o n c e n tra tio n  o f  
f r e e ly  d ia ly s a b le  m a te r ia l in  the upper chamber.
Th is procedure has two d is t in c t  advantages over e q u il ib r iu m  d ia ly s is ,  
the more t r a d i t io n a l  method o f  d e te rm in ing  lig a n d  d is s o c ia t io n  o f 
la rg e  m olecules -
a) because the  measurement depends on the a tta in m e n t
p ro t e in
s o lu t io n
substrate  
o d d e d  here
m e m b r o n es t i r r i n g
b a r
M a g n e t i c  S t i r r e r
f ro m  b u f f e r  
reservo ir
to f r a c t i o n  
c o l le c t o r
F igu re  4: The Flow D ia ly s is  C e ll
From: Womack, F.C. and C o low ick , S.P. in  "Methods in
Enzymology" 11_^  p . 465. Ed. by C.H.W. H irs  and 
S.N. T im ashe ff (1973) Academic Press.
-  19 -
o f  chem ica l e q u il ib r iu m  ra th e r  than d if fu s io n  
e q u il ib r iu m  across the membrane, r e s u lts  may be 
o b ta in ed  w ith in  m inutes and th is  f a c i l i t a t e s  the 
s tud y  o f  la b i le  p ro te in s  and p ro te in s  w ith  degrad­
ab le  s u b s tra te s .
b) as such a s h o r t  tim e is  re q u ire d  and o n ly  a sm a ll
amount o f  t o t a l  l ig a n d  is  removed fo r  any one read ing  
the sample may be used fo r  a s e r ie s  o f  read ings  a t  
in c re a s in g  lig a n d  c o n c e n tra tio n s .
The i n i t i a l  l ig a n d  a d d it io n  is  ra d io a c t iv e  b u t subsequent a d d it io n s  
are o f  u n la b e lle d  lig a n d  and by measuring the r a d io a c t iv i t y  in  the 
e f f lu e n t  b u f fe r  s u f f i c ie n t  data can be c o lle c te d  from one expe rim en t 
fo r  a S catchard  p lo t .
When s m a ll m e ta l io n s  are the  b in d in g  lig a n d s  an a lte r n a t iv e  way 
to  pe rfo rm  flo w  d ia ly s is  is  to  u t i l i s e  c h e la t in g  agents such as 
EGTA (Haiech e t  a l . ,  1980). Th is overcomes the d i f f i c u l t i e s  o f  
p r io r  rem oval o f  the io n s  from the p ro te in  which may r e s u l t  in  
degradation  o f  the m olecule under in v e s t ig a t io n .
1 .8 . CALCIUM DETECTION
Both e q u il ib r iu m  and f lo w  d ia ly s is  re q u ire  accura te  measurement o f  
the ca lc ium  c o n c e n tra tio n s  o f  the p ro te in  s ta r t in g  m a te r ia l and 
d ia ly s in g  b u f fe r s .  A number o f  methods fo r  ca lc ium  d e te rm in a tio n  
are a v a ila b le .
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Atom ic A bso rp tion  S pectrophotom etry  is  a h ig h ly  s p e c i f ic  and sen­
s i t i v e  method o f  d e te c t io n . A s u ita b le  a bso rp tio n  band is  chosen 
so th a t  in te r fe re n c e  from any o th e r e lem ent i s  m in im al and using
a s u ita b le  flam e, fo r  ca lc ium  a n it r o u s  o x id e /a c e ty le n e  flame is
-6  -7n o rm a lly  employed, ca lc ium  c o n c e n tra tio n  to  the l i m i t  o f  10 -10 M
are d e te c ta b le . C o n cen tra tion s  o f an o rde r o f  magnitude lower 
can be de e le c te d  i f  a g ra p h ite  furnace a ttachm ent is  used and th is  
re ce n t e x te n s io n  o f  the techn ique  has the added advantage o f re ­
q u ir in g  on ly very s m a ll volumes o f  sample fo r  accura te  d e te rm in a tio n s
Another common method fo r  m easuring ca lc ium  in  s o lu t io n  uses a 
ca lc ium  s e le c t iv e  e le c tro d e  (Simon e t  a l . ,  1978). Th is con ta ins  
an io n  exchanger which s e le c t iv e ly  e x tra c ts  ca lc ium  ions  from 
aqueous s o lu t io n s .  However many io n  exchangers, which have a h igh  
a f f i n i t y  and th e re fo re  a h igh  s e n s i t i v i t y  fo r  ca lc ium  io n s , a lso  
show a h igh  a f f i n i t y  fo r  o th e r c a tio n s , p a r t ic u la r ly  those o f a lk a ­
l in e  e a rth  m etals such as magnesium, which is  a s e r io u s  disadvantage 
in  f ib r in o g e n  s tu d ie s  as b u f fe rs  c o n ta in in g  magnesium are o fte n  
used. D e tec tio n  l im i t s  are comparable to those o b ta ined  by a tom ic 
a b so rp tio n  b u t the e le c tro d e s  on ly  d e te c t ca lc ium  io n  c o n c e n tra tio n s . 
This cou ld  lead  to  erroneous re s u lts  when measuring ca lc ium  con­
c e n tra t io n s  in  p ro te in  s o lu t io n s  where the bound ca lc ium  may make 
up a s ig n i f ic a n t  p ro p o rt io n  o f the ca lc ium  p re s e n t.
The use o f  p h o to p ro te in s , in  p a r t ic u la r  aequo rin , as b io lo g ic a l  
ca lc ium  in d ic a to rs  was f i r s t  suggested by Shimomura e t  a l . ,  (1963 ).
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Aequorin is  a b io lu m in e sce n t p ro te in ,  is o la te d  from the  j e l l y f i s h  
Aequerea, which em its l i g h t  on the a d d it io n  o f ca lc ium  ions thus 
p ro v id in g  the bas is  o f  a q u a n t i t iv e  ca lc ium  d e te c tio n  system.
_ yA lthough assays w ith  aequorin  have low er d e te c tio n  l im i t s  o f 10 M 
p h o to p ro te in s  s u f fe r  many o f  the disadvantages encountered w ith  
c a lc iu m -s e n s it iv e  e le c tro d e s . i agnesium io n s  i n h ib i t  the ca lc iu m - 
aequorin  re a c tio n  ,\nd in  id d it io n  the p h o to p ro te in  s o lu t io n s  are 
fre q u e n tly  contam inated w ith  EDTA which makes accura te  c a l ib r a t io n  
ex trem e ly  d i f f i c u l t .  These agents are bes t employed to  d e te c t 
low c o n c e n tra tio n s  o f  ca lc ium  ions  ra th e r  than t o t a l  ca lc ium  con­
c e n tra t io n s  (0 l in k s  e t  a l . ,1976) and are n o t s u ita b le  fo r  accura te  
d e te rm in a tio n  o f  c a lc iu i: i c o n c e n tra tio n s  in  f ib r in o g e n  s o lu t io n s .
A number o f  m etallochrom e dyes which are s e n s it iv e  to  ca lc ium  are 
known and t h e i r  u se fu ln ess  as in d ic a to rs  is  dependent on the re  
be ing a s h i f t  in  th e i r  a b so rp tio n  spectrum  on the b in d in g  o f  c a l­
cium. Two o f  these dyes which are com m erc ia lly  a v a ila b le  are 
rnurexide and Arsenazo I I I .M u re x id e  is  a very s p e c i f ic  in d ic a to r  
commonly used to  d e te r dne ca lc ium  and e s p e c ia lly  EDTA concent­
ra t io n s  (W est, 19s9) b u t i t  lacks  s e n s i t i v i t y .  Ai\senazo I I I  is  
more s e n s it iv e  than murexide b u t i t  is  le ss  s p e c i f ic  as i t  re ­
ac ts  w ith  magnesium. A ls o , com m ercial p re p a ra tio n s  are fre q u e n tly  
contam inated w ith  ca lc ium  and, as w ith  the ca lc ium  s e le c t iv e  
e le c tro d e s  and p hn top ro te ins ,A rsenazo  I I I  is  b e s t employed to  
measure ca lc ium  ion  ra th e r  than t o t a l  ca lc ium  c o n c e n tra tio n s .
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1 .9 . AIM OF STUDY
The ro le  o f  ca lc ium  io n s  in  ''‘ib r in o g e n  and t h e i r  in f lu e n c e  on 
the shape o f the m olecule a re , as y e t ,  p o o r ly  understood . Two 
h ig h  a f f i n i t y  ca lc ium  b in d in g  s i te s  have been lo c a te d , one in  
each o f  the deg rada tion  fragm ents D. These p ro te c t  a g a in s t fu r th e r  
deg rada tion  by p la sm in , in  v i t r o ,  a t p h y s io lo g ic a l ca lc ium  concen t­
ra t io n s .  The accepted number o f  h ig h  a f f i n i t y  s i te s  is  th ree  and, 
so fa r ,  tlie  t h i r d  b in d in g  s i t e  has n o t been lo c a te d . A p o s s ib le  
lo c a t io n  is  a t the c a rb o x y l te rm in a ls  o f  the AoL- ch a in s , and i f  
m o le cu la r symmetry is  to  be m a in ta in e d , th is  would re q u ire  the 
two A o(.- cha ins to  be lin k e d  by a s in g le  ca lc ium  io n . Th is in  
tu rn  would p ro ba b ly  n e c e s s ita te  a c o n fo rm a tio n a l change in  the 
m olecu le  on the convers ion  o f  f ib r in o g e n  to  f i b r in .  A l te r n a t iv e ly ,  
the number o f  ca lc ium  b in d in g  s i te s  may have been unde restim a ted  
th rough  use o f  heterogeneous f ib r in o g e n  p re p a ra tio n s  which co n ta in  
m olecu les w ith  p a r t i a l l y  degraded A cL- cha ins .
The o r ig in a l  aims o f  t h is  s tudy were -
i )  to  develop a ra p id  p u r i f ic a t io n  techn ique  to  o b ta in
a f ib r in o g e n  p re p a ra tio n  w ith  a h igh  p ro p o r t io n  o f
o f in t a c t  m olecules and free  from co n ta m in a ting  
plasm inogen and F a c to r X I I I ,  
i i )  to  te s t  the h y p o th e s is , by c ro s s - l in k in g  and p lasm in  
d ig e s tio n  s tu d ie s , th a t  the ca rb o xy l te rm in a l reg ions  
o f the A cA- chains are in v o lv e d  in  ca lc ium  b in d in g ,
i i i )  to  re -e v a lu a te  the number o f h igh  a f f i n i t y  ca lc ium
b in d in g  s i te s  using  the flo w  d ia ly s is  tech n iq ue .
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I t  had been hoped th a t the N -te rm in a l d is u lp h id e  kn o t cou ld  be 
examined as an a lte r n a t iv e  lo c a tio n  Tor the t h i r d  ca lc ium  b in d ­
in g  s i t e .  However, because o f  s o lu b i l i t y  d i f f i c u l t i e s  th is  was 
n o t pursued.
M A T E R I A L S
A N D
M E T H O D S
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2 .1 ,  MATERIALS
Human f ib r in o g e n  (Grade L) was o b ta in e d  from KABI P ha rm aceu tica ls ,
London, U.K. Fresh frozen  human plasma was k in d ly  s u p p lie d  by The 
Blood T ransfus ion  S e rv ice , N in e w e lls  H o s p ita l,  Dundee, Benzamidine, 
B r i l l i a n t  Blue R, d a n s y lc h lo r id e , d im e th y lsu b e rim id a te  h y d ro c h lo r id e , 
e th y le n e g ly c o l b is (  -a m in o e th y le th e r ) -N ,N '- te t ra a c e t ic  a c id ,
L - ly s in e  m onoch lo ride , N -e th y lm a le im id e , p h e n y lm e th y ls u lp h o n y lf lu o r id e , 
bovine serum a lbum in, cytochrome C, m yoglob in , ovalbum in and throm bin 
were a l l  purchased from Sigma (London) Chemical Co., London, U.K. 
Acry lam ide and m e th y le n e -b is -a c ry la m id e  were o b ta in e d  from BDH, Poo le , 
U .K ., and were a lre a d y  s p e c ia l ly  p u r i f ie d  fo r  g e l e le c tro p h o re s is .
^ -m e rc a p to e th a n o l, ca lc ium  c h lo r id e  hexahydra te , e th y le n e  diamine 
te t r a a c e t ic  a c id , N ,N ,N ',N '- te tra m e th y le n e d ia m in e , sodium dodecyl 
su lp ha te  T ris (hyd roxym ethy l)am inom ethane , T rito n X -- 1 0 G ( s c in t i l la t io n  
grade) and urea were a lso  o b ta in ed  fo r  BDH. Sepharose 6B and Sephadex 
G-25 were ob ta in ed  from Pharmacia F ine Chemicals, Upsala, Sweden.
DEAE C e llu lo s e  (DE 52) was purchased from Whatman B iochem ica ls  L td . ,  
M aidstone, Kent, U.K. T ra s y lo l was purchased from Bayer P ha rm aceu tica ls , 
S u rb ito n  S urrey , U.K. S tre p to k in a se  was s u p p lie d  by Hoechst Pharma­
c e u t ic a ls ,  Germany. A n tis e ra  were ob ta in ed  from Seward L a b o ra to ry ,
London U.K. ^^CaCl2 (sp . r a d io a c t iv i t y  10-40 mCi/mg o f  Ca) was 
purchased from the R adiochem ica l C entre, Amersham U.K. S c in t i l la t io n  
f l u i d  (P ico  F luo r) was o b ta in ed  from Packard Ins trum e n t L td . ,  Caversham, 
U.K. Chelex-100 was a k in d  g i f t  from P ro f, M. F u rla n , Berne,
S w itz e r la n d .
A l l  o the r reagents were o f  a n a ly t ic a l  gracte unless o the rw ise  s ta te d .
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2 .2 . PREPARATIVE METHODS
2 .2 .1 .  Lysine-Sepharose
Lysine-sepharose was p repared  by the method o f  Chibber e t  a l ,  (1974) . 
To 100 g Sepharose 6B'Were added 250 ml 5% cyanogen bromide (w /v ) .  
pH was m a in ta ined  a t  pH 11 by the a d d it io n  o f  5 M NaOH and the 
tem pera ture  was ke p t between 10-20°C by the a d d it io n  o f  ic e .  The 
re a c tio n  was a llow ed  to  proceed fo r  10 min b e fo re  be ing  stopped by 
washing the  sepharose w ith  2 L ic e -c o ld  NaHCO^. 75 ml o f  40% 
ly s in e  (L - ly s in e  m onoch lo ride) s o lu t io n  (w /v ) ,  a d ju s te d  to  pH 8.9 
w ith  NaOH, were added and the s o lu t io n  s t i r r e d  o v e rn ig h t a t  4°C.
An excess o f  amino groups, in  the  form o f  g ly c in e ,  was then added 
and s t i r r i n g ,  co n tin u ed  fo r  3-4  hou rs . The Sepharose was then 
washed w ith  1 L 1 M NaCl fo llo w e d  by 2 L d i s t i l l e d  H^O and s to re d  
a t  4°C u n t i l  re q u ire d  .
2 .2 .2 .  Aluminium H ydroxide Gel
The method was adapted from th a t  o f  Ikem ori e t  a l ,  (1975 ).
50 ml 0 .2  M a lum inium  su lpha te  were heated to  63°C. 5 ml 58%
ammonium hyd rox ide  were added to  45 ml d i s t i l l e d  H^O p re v io u s ly  
heated to  67°C. The ammonium hydrox ide  was then poured in to  the 
alum inium  su lpha te  in  a steady s tream . The tem pera ture  was m a in ta ined  
a t  62-63°C fo r  10 min w h ile  the m ix tu re  was s t i r r e d .  The g e l was 
then washed w ith  d i s t i l l e d  H^O u n t i l  no fre e  su lp ha te  cou ld  be 
de tec ted  by te s t in g  w ith  0 .1  M barium  n i t r a t e .
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2 .2 .3 .  P u r i f ic a t io n  o f  Kabi F ib rin o ge n
Kabi f ib r in o g e n  was d is s o lv e d  in  d i s t i l l e d  H^O to  a c o n c e n tra tio n  
o f  20 mg/ml and s to re d  in  a liq u o ts  a t  -20°C u n t i l  re q u ire d . Before  
use the f ib r in o g e n  was d i lu te d  to  5 mg/ml w ith  0 .05 M T r is /H C l 
b u f fe r  pH 8.6 made 0.05 M w ith  re sp e c t to  NaCl and 2 .67 mM w ith  
re sp e c t to  CaCl^. Lysine Sepharose g e l (4  g wet w e ig h t to  every 
100 mg f ib r in o g e n )  was added to  th is  s o lu t io n  and s t i r r e d  g e n t ly  
fo r  4 h a t 4°C to  remove p lasm inogen. A f te r  f i l t r a t i o n  the  s o lu t io n  
was d ia ly s e d  o v e rn ig h t a t  4°C a g a in s t the same T r is /N a C l/C a C l 2  
b u f fe r .  A t 4°C th e re  was an e x te n s ive  p r e c ip i ta te  which a lm ost 
co m p le te ly  re d is s o lv e d  on warming a t  37°C fo r  5 m in . Any rem ain­
in g  p r e c ip i ta te  was removed by c e n t r i fu g a t io n  and d isca rded .
The su p e rn a ta n t was a p p lie d  to  a column (1 .5  x 30 cm) o f  DEAE- 
c e llu lo s e  e q u i l ib r a te d  w ith  the same T ris /N a C l/C a C l^  b u f fe r .
I n i t i a l l y  e lu t io n  was c a r r ie d  ou t us ing  a g ra d ie n t o f  0 .0 5 -0 .5  M 
NaCl in  the T ris /N a C l/C a C l^  b u f fe r .  However the same e lu t io n  
p r o f i le  was o b ta ined  using  the e q u i l ib r a t io n  b u f fe r  fo llo w e d  by 
the same b u f fe r  made 0 .1  M w ith  re sp e c t to  NaCl and then 1 .0  M 
w ith  re s p e c t to  NaCl. 3 ml f r a c t io n s  were c o lle c te d  and the column 
e lu te d  a t  a flo w  ra te  o f  36 m l/h . The a b s o rp tio n  a t  280 nm o f  
each f r a c t io n  was measured and a liq u o ts  from each peak examined 
on SDS-PAGE and te s te d  fo r  the presence o f  plasm inogen and 
fa c to r  X I I I .
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2 .2 .4 .  P u r i f ic a t io n  o f  F ib rin o g e n  from Plasma
An o u t l in e  o f  the procedure  i s  shown in  F igu re  5 , A norm al 
p re p a ra tio n  used 100 ml plasma w hich , i f  necessary, was 
c e n tr ifu g e d  be fo re  use to  remove in s o lu b le  l i p i d  components.
The plasma was a p p lie d  to  a dysine-Sepharose column (1 x 20 cm) 
e q u il ib r a te d  w ith  0.05 M T r is /H C l b u f fe r  pH 7 .5 , E f f lu e n t  from 
the column was c o lle c te d  u n t i l  the absorbance a t  280 nm was 
le s s  than 0 .1 . A lum inium  hydrox ide  g e l was added, 1 p a r t  to  10, 
to  the p lasm in og e n -free  plasma. A f te r  m ix ing , the s o lu t io n  was 
a llow ed  to  s tand  fo r  15 min a t  37°C be fo re  the g e l was removed, 
by c e n t r i fu g a t io n  a t  1000 g fo r  15 min on an MSE 6L c e n tr i fu g e .
The volume o f  plasma was then a d ju s te d  to  tw ice  the s ta r t in g  
plasma volume and a 25% ammonium su lp ha te  f r a c t io n a t io n  made.
A f te r  10 min a t room tem pera ture  the p r e c ip i ta te  was removed by 
c e n t r i fu g a t io n  a t  1000 g and washed w ith  a 23% s a tu ra te d  ammonium 
su lp ha te  s o lu t io n .  Th is suspension was c e n tr ifu g e d  a t  1000 g 
and the p r e c ip i ta te  resuspended in  0.05 M T r is  b u f fe r  pH 8 .6  made 
0.05 M w ith  re s p e c t to  NaCl and d ia ly s e d  o v e rn ig h t a g a in s t the 
same b u f fe r .  The p ro te in  s o lu t io n  was a p p lie d  to  a DEAE-Cellulose 
column (1 .5  x 30 cm) e q u il ib r a te d  w ith  the same T r is /N a C l b u f fe r  
and e lu te d  f i r s t  w ith  the same T ris /N a C l b u f fe r  fo llo w e d  by the same 
b u f fe r  made 0 .1  M w ith  re sp e c t to  NaCl and f i n a l l y  the same b u f fe r  
made l.Q  M w ith  re sp e c t to  NaCl. 6 ml f ra c t io n s  were c o lle c te d  and 
the column e lu te d  a t a flow  ra te  o f  36 ir i l /h . The a b so rp tio n  a t 
280 nm o f  each f r a c t io n  was measured and a l iq u o ts  from each peak 
were examined by SDS-PAGE and te s te d  fo r  the presence o f  plasm inogen 
and fa c to r  X I I I .
HUMAN PLASMA
lys in e -se ph a ro se  column
plasm inogen free  plasma
alum inium hydrox ide  g e l
23?o ammonium su lpha te
23% ammonium su lpha te
pre c ip i ta te
resuspend in  0 .05 M T r is ,  0 .05 M NaCl pH 8.6
DEAE C e llu lo s e
plasminogen
0.05 M T r is  
0 .05 M NaCl 
pH 8.6
Peak I
0.05 M T r is  
0 .01 M NaCl 
pH 8.6
Peak I I
0 .05  M I r i s  
1 .0  M NaCl 
PH 8.6
Peak I I I
F igu re  5; P u r i f ic a t io n  Procedure to  o b ta in  F ib rin o ge n
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The supe rna tan ts  fo l lo w in g  p r e c ip i ta t io n  w ith  23% s a tu ra te d  and 
25% s a tu ra te d  ammonium su lp ha te  were d ia ly s e d  o v e rn ig h t a g a in s t 
0.05 M T r is  b u f fe r  pH 7.5 a t  4°C. The s o lu t io n s  were then 
examined by im m unoe lec tropho res is  to  determ ine whether a p p re c ia b le  
q u a n t i t ie s  o f  f ib r in o g e n  were being lo s t  a t these s tages .
To p ro te c t  a g a in s t deg rada tion  d u ring  p u r i f ic a t io n  procedures and 
long d ia ly s e s  a number o f  in h ib i t o r s  were added to  the s o lu t io n s  
to  be d ia ly s e d . These were -
INHIBITOR 
Benzamidine 
N -E th y l maleim ide
P henylm ethyl 
s u lp h o n y lf lu o r id e
FINAL
CONCENTRATION 
8 mM 
10 mM
1 mM
REFERENCE
F. Markwardt e t  a l  (1968) 
J .D . Gregory (1955)
D.E. Fahrney & A.M. Gold 
(1963)
A s tock s o lu t io n  o f  50 mM p h e n y lm e th y lsu lp h o n y lflU Q rid e  in  is o -
op ropano l was p repared and s to re d  a t  4 C. N -e th y l m aleim ide and 
benzamidine were added as s o l id s  to  the  s o lu t io n  to  be d ia ly s e d .
2 .2 .5 .  P u r i f ic a t io n  o f  Plasminogen from Plasma
Plasminogen was p u r i f ie d  from fre s h  frozen  human plasma by a 
m o d if ic a t io n  o f  tf.e method o f  Deutsch & M ertz (1 9 70 ), A ly s in e -  
Sepharose column (1 x 20 cm) was e q u il ib r a te d  w ith  0.05 M T r is /
HCl b u f fe r  pH 7 .5 . 100 ml plasma was passed through the column
a t a flo w  ra te  o f  40 m l/h . The column was then washed w ith  0.05 M
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T ris /H C l pH 7.5 made 0 .5  M w ith  re sp e c t to  NaCl b e fo re  the 
plasminogen was e lu te d  us ing  0 .2  M 6 -am ino-n -hexano ic  a c id .
The column was regenera ted  by washing f i r s t  w ith  0.05 M 
T r is /H C l pH 7.5 made 0 .2  M w ith  re sp ec t to  6 -am ino -n -hexano ic  
a c id  and 1.0 M w ith  re s p e c t to  NaCl fo llo w e d  by 0.05 M T r is /
HCl pH 7 .5 .
Plasminogen was fre e d  from 6 -am ino-n-hexano ic  a c id  by 
passing i t  th rough a G-25 Sephadex column e q u i l ib r a te d  w ith  
0.05 M T r is /H C l pH 7 .5 . The r e s u lt in g  plasm inogen s o lu t io n  
was s to re d  in  sm a ll a l iq u o ts  a t  -20°C a f te r  d e te rm in a tio n  
o f  the p lasm in  a c t i v i t y  acco rd ing  to  the c a s e in o ly t ic  method 
o f  Johnson e t  a l. (1 9 69 ).
2 .3 . ANALYTICAL METHODS
2 .3 .1 . P o lyacry lam ide  Gel E le c tro p h o re s is
P o lyacry lam ide  g e l e le c tro p h o re s is  was c a r r ie d  o u t e s s e n t ia l ly  
accord ing  to  the methods o f  Weber & Osborn (.1969)and Weber e t  a l. 
(l9 7 2 )«  Sodium dodecyl su lp h a te  po lyac ry lam id e  g e l e le c tro p h o re s is  
was used to  -
a) determ ine the in ta c tn e s s  o f  f ib r in o g e n
b) e s tim a te  m o le cu la r w e igh ts
c) examine the degree o f  c ro s s - l in k in g  o f  f ib r in o g e n
2 .3 .1 .1 .  A cry lam ide  S o lu tio n s
A number o f  acry lam ide  s o lu t io n s ,  g iv in g  d i f f e r e n t  degrees o f  
c ro s s - l in k in g  and hence s e p a ra tin g  d i f fe r e n t  ranges o f  m o lecu la r 
w e ig h ts , were used. For each g e l type the a p p ro p r ia te  q u a n t i t ie s
-  30
o f acry lam ide  and b is a c ry la m id e , shown in  Table I ,  were 
d is s o lv e d  in  200 ml g e l b u f fe r .  The s o lu t io n  was s to re d  
a t  4°C u n t i l  re q u ire d .
%
Acrylam ide
A cry lam ide
(grams)
B isac ry la m id e
(grams)
10 19 .4 0 .6
5 9 .5 0 .5
4 7 .68 0.32
3 5,82 0 .18
Table I  Q u a n t it ie s  o f  acry lam ide  and b is a c ry la m id e  
re q u ire d  fo r  200 ml o f. Acry lam ide s o lu t io n
2 .3 .1 ,2 .  Gel B u ffe r
6 M urea 
0.2% SDS
0 .1  M T r is /H C l pH 7 .4
2 .3 .1 .3 .  P re p a ra tio n  o f  Gels
19 ml g e l (a c ry la m id e /b is a c ry la m id e ) s o lu t io n  were mixed w ith  
1 ml f re s h ly  p repared  ammonium p e rsu lp h a te  s o lu t io n  (150 mg/10 ml 
d i s t i l l e d  H2 O) and 30 ^1  TEMED. Glass g e l tubes o f  le n g th  11 cm
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and in te r n a l  d iam eter o f  4 mm were used. The g e l s o lu t io n  
was added to  the tubes and o v e r la id  w ith  d i s t i l l e d  H^O u n t i l  
g e l le d .  The H^D was re p lace d  w ith  g e l b u f fe r  and the ge ls  
l e f t  o v e rn ig h t a t  4°C b e fo re  use.
2 .3 .1 .4 .  Chamber B u ffe r
Chamber b u f fe r  was prepared as a concen tra ted  s to ck  s o lu t io n  
and be fo re  e le c tro p h o re s is  was d i lu te d  1 : 10 w ith  d i s t i l l e d  H^O.
2% SDS
1.0  M T r is /H C l ph 7 .4
2 .3 .1 .5 .  Running C o n d itio n s
For reduced samples, samples were b o ile d  fo r  5 min w ith  an 
equa l volume o f  reduc ing  agen t: 8 M urea
3% SDS
3% m ercap toe thano l 
For non-reduced samples an equa l volume o f  3% SDS/8 M urea 
s o lu t io n  was added and the samples l e f t  a t  room tem pera ture  
fo r  10 m in. To each sam p le ,10 ju l o f  1 mg/ml p ro te in  o r e q u i­
va len t^  was added one drop o f  Bromophenol Blue (0 .05% (w /v) in  
d i s t i l l e d  H^O) as a t ra c k in g  dye and one drop o f  g ly c e ro l.
Samples were a p p lie d  to  g e ls  a f t e r  removing the g e l b u f fe r  o ve r­
la y .  E le c tro p h o re s is  was c a r r ie d  ou t a t  5 -8  mA per tube and 
lOOV^g^ u n t i l  the marker dye was about 1 cm from the bottom  o f  
the  tube .
2 .3 .1 .6 .  S tandard P ro te in  S o lu t io n s
10 y j l  o f  1 mg/ml s o lu t io n s  o f  a t  le a s t  th ree  o f  the p ro te in s  shown 
below in  Table I I  were e le c tro p h o re se d  under the same c o n d it io n s  
as samples whose m o lecu la r w e igh ts  were to  be dete rm ined .
-  32 -
P ro te in M o lecu la r W eight
Phosphorylase b 92 ,500
Bovine Serum Albumin 66,000
M yoglobin 17,200
Cytochrome C 12,500
Table I I  M o le cu la r w e igh ts  o f  S tandard P ro te in s  used in  
SDS-PAGE fo r  m o le cu la r w e igh t d e te rm in a tio n
2 .3 .1 .7 .  P ro te in  S ta in
3 .5 g B r i l l i a n t  Blue R 
900 m l e th a n o l 
900 ml d i s t i l l e d  H^O 
200 ml g la c ia l  a c e t ic  a c id
2 .3 .1 .8 .  D e s ta in in q  S o lu tio n
1350 ml d i s t i l l e d  H^O 
500 ml e th a n o l 
150 ml g la c ia l  a c e t ic  a c id
2 .3 .1 .9 .  M o le cu la r W eight D e te rm in a tio n
D esta ined ge ls  were scanned on a V ita t ro n  TLD 100 d ens itom e te r 
us ing  a 570 nm f i l t e r  fo r  g e ls  s ta in e d  fo r  p r o te in .  The m o b i l i t y  
o f  each band was c a lc u la te d  us ing  the  fo rm u la :
m o b i l i t y  -  o f  g e l b e fo re  s ta in in g  ^ d is ta n ce  moved by p ro te in
d is ta n ce  moved by m arker dye le n g th  o f  g e l a f t e r  s ta in in g
The m o b i l i t ie s  o f  s tanda rd  p ro te in s  were p lo t te d  a g a in s t the 
log  o f  t h e i r  m o le cu la r w e ig h t and the m o le cu la r w e ig h t o f  the 
unknowns o b ta in e d  by read ing  o f f  from the  c a lc u la te d  m o b i l i t ie s .
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2 .3 .2 .  Test fo r  the  Presence o f  Plasminogen
S tre p to k in a s e  was added to  a sample o f  f ib r in o g e n  to  a f i n a l  
c o n c e n tra tio n  o f  2000 ID ( In te r n a t io n a l U n its )  pe r ml and the 
sample in cu ba ted  a t  37°C o v e rn ig h t.  Samples were examined 
fo r  p r o te o ly t ic  deg rada tion  by SD S-polyacrylam ide g e l 
e le c tro p h o re s is .
2 .3 .3 .  Test fo r  the Presence o f  F a c to r X I I I
T es t samples were in cu ba ted  w ith  a f i n a l  c o n c e n tra tio n  o f  5 
N .I.H . (N a t io n a l I n s t i t u t e  o f  H e a lth ) u n its  fo r  throm bin pe r ml 
and 20 mM CaCl^ fo r  two hours a t  37°C. The presence o f  c ro s s - 
l in k e d  chains a f t e r  SD S-polyacrylam ide ge l e le c tro p h o re s is  
o f  th e  reduced sample in d ic a te d  the presence o f  fa c to r  X I I I .
2 .3 .4 .  D e te rm in a tio n  o f  F ib rin o g e n  C oncen tra tion
The c o n c e n tra tio n  o f  f ib r in o g e n  s o lu t io n s  was c a lc u la te d  from 
absorbance read ings  a t  280 nm on a C e c il CE 272 UV S pectropho to ­
m eter. The E,„, va lue  f o r  f ib r in o g e n  a t  280 nm was taken as 15.1 
(H arder e t  a l . ,  1969).
2 .3 .5 .  Im m unoe lectrophores is
1?D agarose in  T ris /p h o sp h a te  b u f fe r  (0 .039 M T r is ,  0 .05  M H^PO^, 
0 .05  M NaCl) pH 8 .6  was a u to c la ved  a t  15 p s i fo r  20 m in . Three 
g la ss  m icroscope s l id e s  were f lo o d e d  w ith  12 ml m olten agarose. 
When s e t) tro u g h s  and w e lls  were cu t in  the agar su rface  and the 
w e lls  removed. 1 -2  jjL  o f  sample were added to  the w e lls  and 
e le c tro p h o re se d  fo r  4 h a t  150 V. The e le c tro p h o re s is  b u f fe r
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was the same T ris /p h o sp h a te  b u f fe r  in  which the  agar was 
d is s o lv e d . A f te r  e le c tro p h o re s is  the agar troughs were 
removed and 10 uL an tise ru m , e ith e r  sheep a n t is e ra  to  whole 
human serum o r  sheep an tise rum  to  human f ib r in o g e n , were added. 
The s lid e s  were then l e f t  fo r  24 h a t  room tem pera ture  in  a 
damp chamber to  a llo w  d if fu s io n  o f  a n tise rum . The s lid e s  were 
then washed fo r  48 h w ith  one change o f  1% NaCl fo llo w e d  by 
washing in  d i s t i l l e d  H^O fo r  24 h . They were then d r ie d  o ve r­
n ig h t  in  an oven a t  37°C b e fo re  being s ta in e d  w ith  B r i l l i a n t  
B lu e (2 .3 .1 .7 .)  fo r  5 min and des ta ined  in  e th a n o l/a c e t ic  a c id /  
H 0 ( 2 .3 .1 .8 . ) .
2 .3 .6 .  C ro ss -L in k in g  o f  F ib rin o g e n
2 .3 .6 .1 .  C ro ss -L in k in g  Reagent
C ro s s - l in k in g  was c a r r ie d  ou t us ing  d im e th y l su be rim ida te
d ih y d ro c h lo r id e  (DMS). P r io r  to  use DM5 was d is s o lv e d  in
0 .5  M tr ie th a n o la m in e  h y d ro c h lo r id e  (TEA) a d ju s te d  to  pH 8.5 
w ith  8 M NaOH (F u rla n  e t  a l . ,  1977).
2 .3 .6 .2  E f fe c t  o f  DMS C o n cen tra tion
I n i t i a l  experim ents were perfo rm ed to  f in d  the optim un DMS 
co n c e n tra tio n  which gave maximum in tra -m o le c u la r  c ro ss - 
l in k in g  w ith  minimum in te r -m o le c u la r  c ro s s - l in k in g  a t  a 
f ib r in o g e n  c o n c e n tra tio n  o f  1 mg/m l. A co n ce n tra te d  s tock  
s o lu tio n  o f  12 mg/ml DMS was prepared and the a p p ro p ria te  
volume added to  0 .2  ml o f  5 mg/ml f ib r in o g e n  in  0 .05 M T r is /  
HCl pH 8.6 made 0.05 M w ith  re sp e c t to  NaCl. The s o lu t io n
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was a d ju s te d  to  a f i n a l  volume o f  1 ml w ith  0 .5  M TEA pH 8.5 
and in cu b a te d  fo r  1 h a t  30°C. Before ru nn ing  on SDS-PAGs the 
s o lu t io n s  were d ia ly s e d e ith e r  fo r  4 h a t  room tem pera ture  o r 
. o v e rn ig h t a t  4°C to  remove the p roduc ts  o f  h y d ro ly s is  o f  CWS.
2 .3 .6 .3 .  E f fe c t  o f  Calcium/EGTA
When the  e f f e c t  o f  ca lc ium  on c ro s s - l in k in g  was in v e s t ig a te d  
0 .4  ml o f  2 .5  mg/ml f ib r in o g e n  in  0.05 M T r is /H C l b u f fe r  pH 8,6 
made 0 .05  M w ith  re s p e c t to  NaCl was mixed w ith  e i t h e r  -
a) 0 .5  ml o f  0 .05 M T r is /H C l pH 8.6 made 0 .05 M w ith  
re s p e c t to  NaCl f o r  c ro s s - lin k e d  f ib r in o g e n  c o n tro l
b) the  above b u f fe r  made 4 mM w ith  re s p e c t to  CaCl^ 
fo r  c ro s s - lin k e d  fib rinogen+ C a
c) the  above b u f fe r  made 4 mM w ith  re s p e c t to  EGTA 
fo r  c ro s s - l in k e d  fibrinogen+EGTA
and in cu b a te d  fo r  1 h a t  30°C b e fo re  the a d d it io n  o f  0 .1  ml 
o f  5 mg/ml DMS. P roducts  o f  c ro s s - l in k in g  were examined by 
SDS-PAGE.
2 .3 .6 .4 .  E x tra c t io n  o f  P ro te in  from SDS-PAGs
The method was th a t  o f  Bray and Brownlee (1 9 73 ). SDS-PAGs
were s ta in e d  w ith  B r i l l i a n t  B lue and a f te r  d e s ta in in g  the
p ro te in -c o n ta in in g  bands were c u t-o u t  w ith  a ra z o r b la d e .
Bands o f  the same m o b i l i t y  from 10-15 g e ls  were chopped in to
sm a ll fragm ents and poo led . The p ro te in  was e x tra c te d  in to
5 ml chamber b u f fe r  ( 2 .3 .1 .4 . )  by g e n tle  shaking  a t  37°C 
o v e rn ig h t.  I f  necessary a second e x tra c t io n  was pe rfo rm ed .
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Gel fragm ents were removed by f i l t r a t i o n  and the  p ro te in  
p re c ip i ta te d  w ith  KCl a t  a f i n a l  c o n c e n tra tio n  o f  0 .2  M.
A f te r  10 min a t  0°C the  p r e c ip i ta te  was removed by s p in n in g  
on a bench c e n tr i fu g e  fo r  20-30 m in. The p r e c ip i ta te  was 
washed w ith  acetone c o n ta in in g  0 .1  M HCl and once w ith  
acetone alone to  remove the p ro te in  dye. The p r e c ip i ta te  
was then d r ie d .
2 .3 .6 .5 .  N -  T e rm ina l A n a ly s is
The method used was adapted from Woods & Wang (1967 ).
5-10 nmole p ro te in  were taken up in  50 mM NaHCO^ pH 7 .5 .
30 m l dansy l c h lo r id e  (2 .5  mg/ml in  acetone) were added and 
the re a c tio n  m ix tu re  l e f t  f o r  30 min on a h e a tin g  b lo c k  a t 
50°C. The sample was then d r ie d  by passing over i t .
100 )j 1 6N HCl were added to  the d r ie d  sample and the tube 
se a led . H y d ro ly s is  was c a r r ie d  ou t a t 105°C o v e rn ig h t.  The 
h y d ro ly s is  tubes were opened and the samples d r ie d .  The 
s o l id  re s id ue  was e x tra c te d  tw ice  w ith  the upper phase o f 
e th y la ce ta te /H ^O  ( 1 :1 ) .  The e x t r a c t  was d r ie d  and re d is s o lv e d  
in  50% aqueous p y r id in e  and examined by 2 -d im e n s io n a l th in  
la y e r  chromotography on Polyam ide sheets us ing  1.5% fo rm ic  
a c id  as s o lv e n t in  the f i r s t  dimension and b e n z e n e /g la c ia l 
a c e t ic  a c id  (9 :1 )  in  the second dim ension.
452 .3 .7 .  E le c tro p h o re s is  o f  Ca- F ib rin o ge n
1 pC i ^^CaCl^ was added to  0 .5  ml 1 mg/ml f ib r in o g e n  in
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0.05 M T r is  b u f fe r  pH 7.5 made 0 .5  M w ith  re s p e c t to  NaCl 
and the s o lu t io n  l e f t  fo r  4 h a t  4°C. Excess ca lc ium  was 
removed by passing  th rough a sm a ll G-25 Sephadex column 
(Neal & F lo r in i ,  1973). F ib rin o g e n  was reduced by adding 
an equa l volume o f  reduc ing  agent ( 2 .3 .1 .5 . )  and le a v in g  
a t  15°C fo r  1 h . E le c tro p h o re s is  was c a r r ie d  ou t as in  
( 2 .3 .1 . )  us ing  5% acry lam ide  g e ls .
Some g e ls  were s ta in e d  in  the normal manner fo r  p ro te in
o th e rs  were c u t in to  0 .5  cm s l ic e s .  Each s l ic e  was added
to  0 .5  ml HgOg 9nd l e f t  a t  60°C o v e rn ig h t to  d is s o lv e  the
TMg e l.  5 ml Packard P ico  F lu o r 15 s c in t i l l a t i o n  f l u id  was 
added to  each sample and counted fo r  20 min in  an I n t e r ­
techn ique  S c in t i l l a t i o n  Spectrom eter Model SL 30.
452 .3 .8 .  P lasm in D ig e s tio n  o f  C a-F ib rinoqen
F ib rin o g e n , p u r i f ie d  from Kabi f ib r in o g e n „w a s  d ia ly s e d  a t  
4°C a g a in s t 0 .05 M T r is /H C l b u f fe r  pH 7.5 made 0.05 M w ith  
re sp e c t to  NaCl and 5 mM w ith  re sp e c t to  EDTA to  remove 
ca lc ium . EDTA was removed by d ia ly s in g  a t 4°C a g a in s t the 
same b u f fe r  w ith o u t EDTA.
In  a ty p ic a l expe rim en t 1 ml 1 mg/ml ' c a lc iu m - fre e ' f ib r in o g e n  
was d i lu te d  w ith  an equa l volume o f  the T ris /N a C l b u f fe r  made 
10 ^M w ith  re sp e c t to  MgCl^ and 10 ^ M w ith  re s p e c t to  CaCl^ 
and 10 / j l  0 .2  mM ^^CaCl were added. The s o lu t io n  was l e f t  a t  
4°C fo r  4 h be fo re  d ig e s t io n  by p lasm in .
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F ib rin o ge n  was d ig es te d  by adding 1.05 CTA (Committee on 
T h rom bo ly tic  Agents) u n its  o f  p lasm in  and 175 I .U .  ( I n t e r ­
n a t io n a l U n its )  s tre p to k in a s e  fo r  every 5 mg f ib r in o g e n .  
Plasminogen was a c t iv a te d  to  p lasm in by adding the
s tre p to k in a s e  to  plasm inogen in  25% g ly c e ro l in  0.05 M 
T r is /H C l pH 7.5 b u f fe r  and p la c in g  the s o lu t io n  a t  37°C 
fo r  15 min be fo re  use. The p lasm in  d ig e s tio n  o f  f ib r in o g e n  
was stopped by adding 250 u n its  o f  T ra s y lo l per u n i t  o f  
p la s m in .
Excess ca lc ium  and s m a ll p e p tid e s  were removed by passing  
th rough a G-25 Sephadex column (N ea l & F lo r i n i , 1973). Samples 
o f  f i l t e r e d  f ib r in o g e n  and p lasm in  d iges ted  f ib r in o g e n  were 
counted on a In te r te c h n iq u e  L iq u id  S c in t i l l a t i o n  Spectrom eter 
Model SL-30 . The s c in t i l l a t i o n  f l u id  used was Toluene based 
s c i n t i l l a t o r  c o n ta in in g  (4 g /L  PRO, 0.5 g /L  P0P G P )/T riton  X-100 
2 :1 . 100 u l aqueous sample were added to  10 ml s c in t i l l a t i o n  
f l u id .
2 .3 .9 . Flow D ia ly s is
2 .3 .9 .1 .  The Flow D ia ly s is  C e ll
The flo w  d ia ly s is  c e l l ,  s im i la r  to  th a t  desc ribe d  by Colow ick & 
Womack (196 9 ) ,  was o b ta in e d  from Bel A r t  P roducts L td . The 
low er chamber had a volume o f  2 .8  ml and was com p le te ly  f i l l e d  
w ith  b u f fe r .  Flow through the low er compartment was re g u la te d
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by means o f  an a d ju s ta b le  h y d ro s ta t ic  head and a f lo w  ra te  
o f  8 m l/m in was n o rm a lly  employed. The upper compartment, 
to  which the p ro te in  and lig a n d s  were added, was en la rg e d  
to  g ive  a volume o f  1 .5  m l. The two compartments were 
separa ted  by a square o f  d ia ly s is  membrane. In  la t e r  ex­
perim ents the  c e l l  was m o d if ie d  by clam ping the d ia ly s is  
membrane between two p ieces  o f  perspex which had n ine  3 mm
diam eter ho les  d r i l l e d  in  the c e n tra l area which reduced
the area o f  membrane exposed to  s o lv e n t. A l l  experim ents 
were perform ed a t  room tem pe ra tu re .
2 .3 .9 .2 .  D ia ly s is  Membranes
Three types o f  d ia ly s is  membrane were te s te d ; V is k in g  tu b in g  
(32 /32  from S c ie n t i f ic  In s tru m e n t Centre L td ) ,  d ia ly s is  sacks 
(35 mm from Sigma) and d ia ly s is  sheets (B e l A r t  P roducts  L td ) .  
V is k in g  tu b in g  and Sigma tu b in g  were e x te n s iv e ly  s tu d ie d  as 
both  s in g le  and double la y e rs  which had been t re a te d  in  one 
o f  the fo l lo w in g  ways:
a) washed in  d ia ly s is  b u f fe r  fo r  4 h b e fo re  use
b) b o i le d  fo r  30 min in  1% sodium b ica rbo n a te
fo llo w e d  by washing w ith  d i s t i l l e d  w a te r and 
tre a tm e n t w ith  10 ^ M EGTA s o lu t io n  fo r  15 m in.
The tu b in g  was then e x te n s iv e ly  washed and
soaked in  d ia ly s is  b u f fe r  be fo re  use.
c) a c e ty la te d  by the method o f  C ra ig  & Konigsberg
(1961 ). A le n g th  o f  d ia ly s is  tu b in g  was w e tte d  w ith
d i s t i l l e d  w a te r and k n o tte d  a t  one end. The
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d ia ly s is  sack was f i l l e d  w ith  p y r id in e /a c e t ic  
anhydride  (9 :1 )  s o lu t io n  and he ld  u p r ig h t  in s id e  
a c y l in d e r ,  f i l l e d  w ith  the same p y r id in e /a c e t ic  
anhydride  s o lu t io n ,  so th a t  both  s id e s  o f  the 
tu b in g  were in  c o n ta c t w ith  the a c e ty la t in g  
s o lu t io n .  A f te r  16 h a t  room tem pera ture  the 
tu b in g  was washed w ith  1% a c e t ic  a c id  to  remove 
p y r id in e .  Washing was complete when two sub­
sequent washes gave the same absorbance read ing  
a t  260 nm. Tubing was s to re d  a t  4°C in  50% 
e th a n o l and was soaked in  d ia ly s is  b u f fe r  be fo re  
use .
To reduce the lo s s  o f  ca lc ium  from the upper chamber the flo w  
c e l l  was m o d ifie d  by us ing  an in s e r t  which reduced the membrane 
su rface  area exposed to  the s o lv e n t by 75%. Th is  system was 
te s te d  in  the same manner as above using a s in g le  la y e r  
a c e ty la te d  Sigma membrane 0.05 M T r is /H C l b u f fe r  pH 7.5 made
0.15 M w ith  re s p e c t to  NaCl and 10 mM w ith  re s p e c t to  MgClg 
was used and 2 ^ C i  ^^CaClg added in  a volume o f  5 j j l .
The m o d ifie d  flo w  c e l l  was used in  l ig a n d  b in d in g  experim en ts and 
reve rse  lig a n d  b in d in g  experim en ts w ith  s in g le  la y e r  a c e ty ­
la te d  Sigma membrane.
2 .3 .9 .3 .  P re lim in a ry  Experim ents
A s in g le  o r double la y e r  o f  one o f  the d ia ly s is  membranes was
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used. 1 ml 0.05 M T r is /H C l b u f fe r  pH 7.5 made 0.15 M w ith
-2re sp ec t to  NaCl and made 10 M w ith  re sp e c t to  MgCl^ was
added to  the top compartment and the same b u f fe r  flow ed
through the bottom  compartment to  a U n isc il-U F C  120 f r a c t io n
c o l le c to r .  1 ^ C i ^^CaCl^ in  10 uL o f  s o lu t io n  was added to
the top chamber and in  some experim ents  subsequent a d d it io n s
o f  ^^CaCl^ (10 o f  1 mM CaCl^) were made a f te r  10-15
f ra c t io n s  had been c o l le c te d .  F ra c tio n s  were c o lle c te d
every 30 seconds and the r a d io a c t iv i t y  in  the e f f lu e n t
measured by adding 1 ml from each f r a c t io n  to  10 ml Packard 
TMPico F lu o r  1 5  s c in t i l l a t i o n  f lu id .
A l l  samples were m on ito red  by l iq u id  s c in t i l l a t i o n  coun ting  
in  an In te r te c h n iq u e  SL-30 S pectrom e ter.
2 .3 .9 .4 .  P lasmin D ig e s tio n  o f  F ib rin o ge n
A s in g le  la y e r  o f  a c e ty la te d  Sigma membrane separa ted  the two
compartments in  the f lo w  d ia ly s is  c e l l  and 0.05 M T r is /H C l
_ 2b u f fe r  pH 7.5 made 0.15 M w ith  re s p e c t to  NaCl and 10 M w ith
re sp e c t to  MgCl^ flow ed  through the low er chamber. 1 ml o f
5 mg/ml f ib r in o g e n  was added to  the  top chamber and to  th is
was added 1 ;jC i ^^CaCl^ in  a volume o f  10 juL. A f te r  3 min
20 jüL p lasm in  s o lu t io n  (50 juL plasm inogen (0 .75  CTA u /m l) ,
20 juL s tre p to k in a s e  (2000 u /m l) and 3 drops g ly c e ro l p la ced
in  a 37°C w ater bath  fo r  15 m in) was added. F ra c tio n s  were
c o lle c te d  every 30 sec and 0 .5  ml from each f r a c t io n  was added
TMto  5 ml Packard P ico  F lu o r 30 s c in t i l l a t i o n  f l u i d .  Sm all
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a liq u o ts  (3 ^jL) were removed from the  top chamber a t  in te r v a ls  
and the e x te n t o f  d ig e s t io n  examined by SDS-PAGE.
A b u f fe r  c o n t ro l in  which ^^CaCl^ was added to  1 ml b u f fe r  in  
the upper chamber and a p ro te in  c o n tro l in  which the plasm inogen 
was re p la ce d  by b u f fe r  were a ls o  perfo rm ed .
2 .3 .9 .5 .  P re p a ra tio n  o f  C a lc iu m -fre e  S o lu t io n s
L igand  b in d in g  e xpe rim en ts  re q u ire d  ' c a lc iu m - f re e ' f ib r in o g e n .  
F ib r in o g e n  which had been p repa red  from plasma (2 ,2 .4 )  was 
ly o p h y lis e d  end re d is s o lv e d  in  the  b u f fe r  to  be used fo r  f lo w  
d ia ly s is .  T h is  was one o f  0 .05  M T r is /H C l pH 7 .5 made 0.15 M 
w ith  re s p e c t^ to  NaCl the  same T r is /H C l/N a C l b u f fe r  made 10 mM 
w ith  re s p e c t to  MgCl^ o r 0 .05 M im id a z o le /H C l pH 7 .5  made 0 .15  M 
w ith  re s p e c t to  NaC l. The p ro te in  s o lu t io n  was then d ia ly s e d  
f i r s t  a g a in s t the  a p p ro p r ia te  b u f fe r  made 1 mM w ith  re s p e c t to  
EGTA then a g a in s t two changes o f  the  same b u f fe r  w ith o u t  EGTA.
The p ro te in a s e  i n h ib i t o r  s o lu t io n  ( 2 .2 .4 . )  was added to  the  
f ib r in o g e n  s o lu t io n  b e fo re  d ia ly s is  a g a in s t EGTA b u f f e r .
The ca lc ium  c o n c e n tra t io n s  o f  p ro te in  and b u f fe r  s o lu t io n s  were 
dete rm ined  by A tom ic A b s o rp tio n  S pectrom e try  (AAS) on a fechL ron  
AA4 A tom ic A b s o rp tio n  S p e c tro m e te r. When d e te rm in in g  c a lc iu m  
c o n c e n tra tio n s  in  p ro te in  s o lu t io n s  the  method o f  s ta n d a rd  a d d i­
t io n s  was used.
As the  b u f fe rs  were found to  be con tam ina ted  w ith  ca lc iu m , s o lu t io n s  
o f  the in d iv id u a l  components o f  the b u f fe rs ,  ten tim es  more con­
c e n tra te d  than the  f i n a l  b u f fe r  c o n c e n tra t io n , were passed th rough
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a 20 X 2 cm Chelex-IGO column. MgCl^ s o lu t io n s  cou ld  n o t
be tre a te d  in  th is  manner because o f  the p ro p e r t ie s  o f  the
Chelex-IGO g e l.  D ia ly s is  sacks were p re tre a te d  in  d i f fe r e n t  ways
(2 . 3 .9 .2 ,-) and experim ents  were perfo rm ed to  determ ine i f  th is  had
any in flu e n c e  on the f i n a l  c a lc iu m 'c o n c e n tra tio n s  o f  the p ro te in  s o lu t io n s
2 .3 .9 .6 .  L igand B in d in g
The flo w  c e l l  was as described  p re v io u s ly  and the b u f fe r  
systems m entioned above were used. 1 ml f ib r in o g e n  w ith  a 
c o n c e n tra tio n  o f  5 to  9 mg/ml was added to  the top  chamber 
fo llo w e d  by 8 >jCi ^^CaCl (5 -10 juL ). Gnce a steady s ta te  was a tta in e d  
a sm a ll volume o f  u n la b e lle d  lig a n d  was added (5 -lG  pL o f 1 mM 
C a C l^ ). S im ila r  a d d it io n s  were made IG to  12 tim es and a f te r  
each a d d it io n  a new s te a d y -s ta te  le v e l o f  is o to p e  in  the 
e f f lu e n t  was reached which re f le c te d  the fre e  ca lc ium  con­
c e n tra t io n  in  the upper chamber. The f in a l  l ig a n d  a d d it io n  was 
a la rge  excess (10 pL 2 M CaCl.) re la t iv e ,  to  the p ro te in  con­
c e n tra t io n  and th is  s te a d y -s ta te  va lue corresponded to  th a t  
ob ta in ed  w ith  la b e lle d  s u b s tra te  a lo ne .
To eva lua te  the b in d in g  co n s ta n t the data ob ta ined  from the 
above was tre a te d  as fo l lo w s ; the  steady s ta te  va lue  o f  
iso to p e  in  the e f f lu e n t  fo r  any g iven  lig a n d  c o n c e n tra tio n  
was taken as a measure o f  the  fre e  lig a n d  c o n c e n tra tio n  in  
the upper chamber. The p la te a u  va lue  o b ta ined  w ith  excess 
u n la b e lle d  lig a n d  was th a t  co rrespond ing  to  1G0% o f  the 
lig a n d  in  the fre e  s ta te .  From th is  fre e (F ) and bound(B)
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ca lc ium  c o n c e n tra tio n s  were d e r iv e d .
The d is s o c ia t io n  co n s ta n t and the number o f  ca lc ium  b in d in g  
s i te s  can be e va lu a te d  by p lo t t in g  B/F a g a in s t B accord ing  
to  Scatchard  (1948 ). A ccord ing  to  the Scatchard  equa tion
•— = K (n -  B) . .  . .  . .  . .  ( l )F B
Where B = c o n c e n tra tio n  o f  bound lig a n d  
F = c o n c e n tra tio n  o f  fre e  lig a n d
K = a s s o c ia t io n  co n s ta n t o f  the l ig a n d /p ro te in  complex 
n = number o f  l ig a n d  b in d in g  s ite s
In  o rd e r th a t  the number o f  l ig a n d  m olecules bound can be read 
d i r e c t ly  from the S catchard  p lo t  the  bound va lues are d iv id e d  
by the p ro te in  c o n c e n tra tio n  g iv in g
B = mol lig a n d  bound per mol p ro te in
E quation  (1 ) can be r e - w r i t te n  in  the l in e a r  fo rm , y = mx + c as
B = ■ -KgB + nK g
F
and a p lo t  o f  IB a g a in s t B w i l l  g ive  a s t r a ig h t  l in e  p ro v id in g  
F
K is  c o n s ta n t. The g ra d ie n t corresponds to  the re c ip ro c a l 
va lue o f  the d is s o c ia t io n  co n s ta n t K ^ and the in te r c e p t  o f  the 
X -  a x is  g ive s  the va lue fo r  n .
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2 .3 .9 .7  Reverse L igand B ind ing
An a lte r n a t iv e  way o f  m easuring lig a n d  b in d in g  co ns ta n ts  is  
by reverse  lig a n d  b in d in g  where the lig a n d  is  removed from 
the system by a c h e la t in g  agent such as EGTA. The method 
is  s im i la r  to  th a t  f o r  l ig a n d  b in d in g  and was f i r s t  described  
by Haeich e t  a l  (1980 ),
1 ml o f  f ib r in o g e n ,  o f  known p ro te in  and ca lc ium  concent­
r a t io n s ,  was added to  the top chamber o f  the flo w  d ia ly s is  
c e l l .  To t h is  was added 8 p C i ^^C aC l^. 10-12 a d d it io n s  o f  
EGTA (5-10 pL o f  1 mM s o lu t io n )  were made and each tim e a 
new s te a d y -s ta te  le v e l  o f  is o to p e  in  the e f f lu e n t  was e s ta ­
b lis h e d . Th is was fo llo w e d  by a 2 0 - fo ld  excess o f  EGTA which 
in  tu rn  was fo llo w e d  by a 2 0 - fo ld  excess o f  ca lc ium  io n s  over 
EGTA. From th is  a p lo t  o f  CPM a g a in s t f r a c t io n  number cou ld  
be made. Th is  data was used to  determ ine the fre e  and p ro ­
te in  bound c o n c e n tra t io n s  o f  the lig a n d , as desc ribe d  by Haeich 
e t  a l . and the r e s u lt in g  data ana lysed accord ing  to  S ca tchard .
The a d d it io n s  o f  excess ca lc ium  io n s  and EGTA are made so 
th a t  the d if fu s io n  ra te s  o f  ca lc ium  io n s  and the EGTA-calcium 
io n  complex can be e va lu a te d . The c o n c e n tra tio n s  o f  la b e lle d  
iso to p e  in  the e f f lu e n t  a t  d i f f e r e n t  EGTA c o n c e n tra tio n s  are 
used to  c a lc u la te  bound and fre e  ca lc ium  io n  c o n c e n tra tio n s  
as fo llo w s  -
le t  f  = flo w  ra te  th rough low er chamber 
= d if fu s io n  ra te  o f  lig a n d  (L)
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= d if fu s io n  ra te  o f  the c h e la to r - l ig a n d  complex (EL)
L = fre e  lig a n d  c o n c e n tra tio n  in  the upper chamber
L-j- = t o t a l  (bound+ free) l ig a n d  c o n ce n tra tio n  in  the upper
chamber
L-j: = the ra d io a c t iv e  lig a n d  co n c e n tra tio n  in  the upper
chamber
C* = ra d io a c t iv e  lig a n d  c o n c e n tra tio n s  in  the c o lle c te d
f ra c t io n s
then
c* _ • I1 ( L )  + ^  ■ t i  (EL) ............................(2 )
r  Ly f  4
The a s s o c ia tio n  co ns ta n t o f the c h e la to r  
K =
(E )(L )
an d
E^ = (E) + (EL)
by s u b s t i tu t io n  in to  (2 )
r *  = (L ) +
f  Lt- f  L^ 1 + Ï
I 1 —
K(L)
when excess c h e la to r  is  added, E^>> L^, then L is  very s m a ll 
an d
(EL) L^ 
the re  fo re
*  I *
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I.e.
*[L  ^  C f2 - *
when excess lig a n d  is  added, then L oc
and
C %  4  . 4
i . e
*D. ^  C_f
4
Thus and can be e va lu a te d  fo r  any p a r t ic u la r  s e r ie s  
o f  r e s u lts .  The a s s o c ia t io n  co ns ta n t fo r  the calcium-EGTA 
complex was taken as 10 M as c a lc u la te d  by Owen (1976) who 
determ ined th a t  t h is  va lue was independent o f  the b u f fe r  
system used.
Equation  (3 ) can now be re - w r i t te n  in  terms o f  constan ts  
and v a r ia b le s  so th a t  i t  can be so lve d  fo r  (L ) the fre e  
lig a n d  c o n c e n tra tio n  in  the upper chamber.
Let
*C = V.
4 =  4
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1
2
equa tion  (3 ) then becomes 
= C^(L) + CgVg
l+ C j
(L )
2which can be re -a rra n g e d  in t o  the q u a d ra tic  fo rm , ax + bx + C = 0
as
C^(L)2 + (C^Cj + CgVg -  V^) (L ) -  = 0
then
( L) = -b -  V b "  4ac . .  . .  (4 )
2 a
where 
a = C,
b =  (5 )
th e re fo re ,  by in s e r t in g  the  value o f  C* and fo r  each 
p la te a u  value a s e r ie s  o f  (L ) va lues is  o b ta in ed .
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To c a lc u la te  the va lue o f  n , the moles o f  lig a n d  bound 
per mole o f p ro te in ,  the e qu a tion  -
L.^  = (L ) + (EL) +Myi
is  used.
where
M-j. = p ro te in  c o n c e n tra tio n  in  the upper chamber
th e re  fo re  
n =
(E^)
1 + i
K:(L)
-1
Once n has been c a lc u la te d  fo r  the s e r ie s  o f  (L ) va lues 
a S catchard  p lo t  o f  bou n d /fre e  a g a in s t bound can be made
where
(L) = fre e  lig a n d  c o n c e n tra tio n  
n = m o la r r a t io  o f  bound l ig m d  to  p ro te in .
R E S U L T S
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5 .1 . PURIFICATION OF KABI FIBRINOGEN
I t  has been suggested th a t  the c a rb o x y l te rm in a l o f  the AcX,- chain 
o f f ib r in o g e n  may be in v o lv e d  in  ca lc ium  b in d in g  and i t  i s  known 
th a t  th is  p a r t  o f  the f ib r in o g e n  m olecule is  s u s c e p tib le  to  degrada­
t io n  by p lasm in in  v iv o .  I t  was im p o rta n t, th e re fo re ,  to  prepare 
as in t a c t  a f ib r in o g e n  p re p a ra tio n  as p o s s ib le  fo r  use in  ca lc ium  
b in d in g  s tu d ie s .
Human f ib r in o g e n  (Grade L) from Kabi P harm aceutica ls  was found, 
when examined by SDS-PAGE to  have a heterogeneous A oC -cha in  and a 
h igh  m o le cu la r w e igh t contam inant though t to  be f ib ro n e c t in .
Traces o f F ac to r X I I I  and plasm inogen a ls o  appeared to  be p re se n t.
As i t  was d e s ira b le  to  work a t  p h y s io lo g ic a l ca lc ium  c o n ce n tra tio n s  
p u r i f ic a t io n  schemes u t i l i s i n g  phosphate b u f fe rs  (Mosesscn &
Fin lays  on, 1963) cou ld  n o t be used, th e re fo re ,  p u r i f ic a t io n  us ing  
T r is /H C l b u f fe rs  was in v e s t ig a te d .
The e lu t io n  p r o f i le  o f Kabi f ib r in o g e n  from DEA E -C e llu lose  is  shown 
in  F igu re  6a and the e le c tr o p h o r e t ic  p a tte rn  o f reduced samples 
from each o f the th re e  peaks is  shown in  F igu re  6b. Each peak was 
te s te d  fo r  the presence o f  plasm inogen and F a c to r X I I I  and re s u lts  
are shown in  F igure7a  and F igu re  7b re s p e c t iv e ly .
Peak I  was f ib r in o g e n  w ith  very l i t t l e  degradation  apparen t. This 
peak had no d e te c ta b le  plasm inogen o r F a c to r X I I I .  Peak I I  was a 
f ib r in o g e n  w ith  an a p p re c ia b le  amount o f A -  chain degrada tion  
which was d e te c ta b le  as a heavy -  band when compared to  the
F igu re  6 : P u r i f ic a t io n  o f  Kabi F ib rin o ge n  on DEAE-Cellulose
a) e lu t io n  p r o f i le  o f  Kabi F ib rin o ge n  from DE A E -C e llu lose
b) 10% SDS-PAGs o f  reduced samples from -
i )  Peak I
i i )  Peak I I
i i i )  Peak I I I
PeckI
1*0 M 
NaCl
0-1M 
NaCl
15
N i/
II-
150100 125
ELUTION VOLUME (ml)
Aot. T o , o o o  
o *fW, o o O
aI I I I
( i ) ( «i ) ( iv )
I I—  A Ok:y
( i )  ( i i ) ( i i i )  ( iv)
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X'- bands. There were s ig n i f ic a n t  amounts o f  F a c to r X I I I  p re sen t 
as determ ined by the presence o f  Y  -  Y  dimers a f t e r  d ig e s tio n  
o f  f ib r in o g e n  w ith  throm bin (F ig u re  7b), Peak I I I  had a h igh  
p ro p o rt io n  o f  a h igh  m o le cu la r w e ig h t component w ith  low er 
m o b i l i t y  than f ib r in o g e n  on SDS-PAGs. A f te r  re d u c tio n  the mob­
i l i t y  in c re ase d  b u t the re  was s t i l l  one band. This m a te r ia l 
cou ld  be f ib ro n e c t in  which is  known to  a ssoc ia te  w ith  f ib r in o g e n  
(Yamada & Olden, 1978). No plasm inogen was de tec ted  in  any o f  the 
th ree  peaks (F ig u re  7a) as would be expected a f t e r  i n i t i a l  t r e a t ­
ment o f  the f ib r in o g e n  s o lu t io n  w ith  ly s in e -s e p h a ro s e .
Recovery o f  p ro te in  from the column was 68 .7  + 1.6%. Percentage 
y ie ld  in  each peak is  shown in  Table I I I .
Peak % Y ie ld + A. D,
I 69.1  + 4.0
I I 19.2 + 2 .8
I I I 11 .7  + 1.6
Table I I I :  Percentage y ie ld  o f  P ro te in  from
D E A E-C ellu lose. Chromatography 
o f Kabi F ib r in o g e n .
The q u a l i t y  o f  Kabi f ib r in o g e n  was found to  be v a r ia b le  and in  
those batches purchased l a t t e r l y  the recovery  from p u r i f ic a t io n  
decreased to  approx 50% o f  the a p p lie d  p ro te in  a lthough the p ro ­
p o r t io n a l y ie ld  o f  peak I  f ib r in o g e n  remained the same. I t  was
F igu re  7: Tests on F ra c tio n a te d  Kabi F ib rin o ge n
a) plasminogen te s t :  5% SDS-PAGs o f  reduced samples o f
i )  Peak I
i i )  Peak I I
i i i )  Peak I I I
from DEAE-Cellulose chromatography 
iv )  s tan d a rd  f ib r in o g e n
b) F a c to r X I I I  t e s t :  5% SDS-PAGs o f  reduced samples o f
i )  Peak I
i i )  Peak I I
i i i )  Peak I I I
from DEAE-Cellulose chromatography
iv )  s tan d a rd  f ib r in o g e n
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decided th e re fo re  to  m odify  the p u r i f ic a t io n  procedure  used 
fo r  Kabi f ib r in o g e n  and app ly  i t  to  dated b lood-bank fre sh  
frozen  plasma o b ta ined  from The B lood T rans fus ion  S e rv ic e ,
N in e w e lls  H o s p ita l,  Dundee.
3 .2 . PURIFICATION OF FIBRINOGEN FROM PLASMA
Figure  8 shows the e lu t io n  p r o f i le  o f  f ib r in o g e n , ob ta in ed  j
from human plasm a, p u r i f ie d  on DEAE-Cellulose and SDS-PAGs |
i
o f a reduced sample from each o f  the th ree  peaks e lu te d  from i
j
the column. The re s u lts  o f  the te s ts  f o r  plasm inogen and j
IF a c to r X I I I  are shown in  F igu res  9a and 9b re s p e c t iv e ly .  I
i
Peak I  f ib r in o g e n  had l i t t l e  s ig n  o f  degradation  and was j
a p p a re n tly  fre e  from F a c to r X I I I .  Peak I I  f ib r in o g e n  showed !I
s igns  o f A ctC - chain deg rada tion  and was contam inated w ith  I
F a c to r X I I I .  Peak I I I  co n s is te d  m a in ly  o f  two contam inants |
one comparable w ith  the h igh  m o le cu la r w e ig h t contam inant |
found in  Kabi f ib r in o g e n , though t to  be f ib  rone c t in  , and the j
o th e r, w ith  m o le cu la r w e ig h t 67,000 p o s s ib ly  a lbum in. |
Plasminogen was n o t de tec ted  in  any o f the th ree  peaks as |
would be expected a f t e r  p re - tre a tm e n t o f  the piasma w ith  j
ly s in e -s e p h a ro s e . The recovery  from the DEAE-Cellulose column !
IIwas 6 1 .1 ^  2.4% and the percentage p ro te in  in  each peak is  i
shown in  Table IV . i
F igure  8: P u r i f ic a t io n  o f  F ib rin o ge n  from Human Plasma
The e lu t io n  p r o f i le  o f human f ib r in o g e n  from DEAE-Cellulose 
and 10% SDS-PAGs o f  a reduced sample from each peak
in
o
o
oo
Û .
o
8
o
o o oin
CDo
Io
s*3
cC
<
F igu re  9 : Tests on F ib rin o ge n  P u r i f ie d  from Human Plasma
a) plasminogen te s t :  5% SDS-PAGs o f  reduced samples from
i )  Peak I
i i )  Peak I I
i i i )  Peak I I I
from DEAE-Cellulose chromatography
iv )  s tandard  f ib r in o g e n
b) F a c to r X I I I  t e s t :  5% SDS-PAGs o f  reduced samples from
i )  Peak I  '
i i )  Peak I I
i i )  Peak I I I
from DEAE-Cellulose chromatography
iv )  s tan d a rd  f ib r in o g e n
(i) ( ii) (iii) ( iv)
( i ) ( ii ) ( »ii) (iv)
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Peak % Y ie ld  + A.D.
I 51 ,1  + 9 . 8
I I 28.6 + 8 .7
I I I 17 .7  + 6.2
Table IV : Percentage Y ie ld  o f P ro te in  from
DEAE-Cellulose Chromatography o f 
Human Plasma.
The recovery  o f Peak I  f ib r in o g e n  from the DEAE-Cellulose column 
was c irc a  1 mg fib r in o g e n  fo r  every m l s ta r t in g  plasma. As the 
c o n c e n tra tio n  o f f ib r in o g e n  in  plasma is  3 mg/ml e f f o r t s  were 
made to  in c rease  the recovery o f  f ib r in o g e n  from the p u r i f ic a t io n .  
The supe rna tan ts  from the 25% s a tu ra te d  and 23% s a tu ra te d  ammonium 
su lp ha te  p r e c ip i ta t io n  were examined by im m unoelectrophores is  a f te r  
d ia ly s is  a g a in s t T r is /N a C l b u f fe r  pH 8.6 (F ig u re  1 0 ). A p re c ip i ta te
formed when the 25% s a tu ra te d  ammonium su lpha te  su pe rn a ta n t was 
l e f t  a t  4°C o v e rn ig h t. This p r e c ip i ta te  was re -d is s o lv e d  in  T r is /  
NaCl b u f fe r  pH 8.6 and d ia ly s e d a g a in s t the same b u f fe r  b e fo re  be ing  
examined by im m unoe lectrophores is  (F ig u re  10 ). I t  can be seen 
th a t  very l i t t l e  f ib r in o g e n  is  lo s t  in  the 23% s a tu ra te d  ammonium 
s u lp h a te  wash w h ile  a co ns ide ra b le  amount o f  p ro te in  i s  removed.
The 25% s a tu ra te d  ammonium su lp h a te  su pe rn a ta n t co n ta in s  on ly  a 
s m a ll p ro p o r t io n  o f  f ib r in o g e n . However the p r e c ip i ta te  which 
formed a t 4°C was found to  co n ta in  a cons ide rab le  p o r t io n  o f f i b ­
r in o g e n . When th is  re-suspended p r e c ip i ta te  was examined by SDS-
F igu re  10: Im m unoelectrophoresis o f  Samples from Ammonium Sulphate
F ra c t io n a t io n  o f  Human Plasma
n) & d) t e s t  sample: su p e rn a ta n t from 23% s a tu ra te d
ammonium su lp ha te  p r e c ip i ta t io n
b) & e) t e s t  sample: su p e rn a ta n t from 25% s a tu ra te d
ammonium su lp ha te  p r e c ip i ta t io n
c) & f )  t e s t  sample: resuspended 24 h p r e c ip i ta te  from
25% s a tu ra te d  ammonium su lp ha te  
p r e c ip i ta t io n
a) b) & c) a n tib o d y : an tise rum  to  whole human serum
d) e) & f )  a n tib o d y : an tise rum  to  humari f ib r in o g e n

F igure  11; E le c tro p h o re s is  o f  the Resuspended 24 h p r e c ip i ta te  
from 25% S a tu ra ted  Ammonium Sulphate P re c ip ita t io n
10% SDS-PAGs o f  -
i )  resuspended 24 h p r e c ip i ta te  from 25% s a tu ra te d  
ammonium su lp h a te  p r e c ip i ta t io n
i i )  s tandard  f ib r in o g e n
iàt ftoCy
( i ) (ii I
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PAGE the F ib rinogen  p re se n t was found to  be bad ly  degraded 
(F ig u re  11). There fo re  th rou g ho u t the f r a c t io n a t io n  procedure 
the re  was no s tep  a t whidh a s ig n i f ic a n t  in c rease  in  y ie ld  o f 
h igh  q u a l i t y  f ib r in o g e n  could  be e a s i ly  o b ta ined .
Th is ra p id  p u r i f ic a t io n  method enab led a h igh  q u a l i t y  f ib r in o g e n  
to  be ob ta ined  in  le ss  than 36 h . The p re p a ra tio n  was, as fa r  
as could  be d e te c ted , fre e  from F a c to r X I I I  and p lasm inogen. 
F ib rin o ge n  p repared  by th is  method, unless o the rw ise  s ta te d ,  
was used in  a l l  e xpe rim en ts .
3.3-  CROSS LINKING GF FIBRINOGEN
F ib rin o ge n  was c ro s s - lin k e d  us ing  d im e th y l su be rim id a te  d il iy d ru - 
c h lo r id e  (DMS) (F ig u re  12) a b i fu n c t io n a l agent o f  le n g th  l.lO nm  
which re a c ts  w i l l . the fre e  amino groups o f p ro te in s .  O iT e th y l 
sube rim id a te  w i l l  in tro d u c e  c ro s s - l in k s  o f 0.97 nm le n g th  (Hadju 
e t  a l . , 1976).
C l“  C l"
NH+ Nh!'
11 11
H CO -  C -  (C H ,)^ -  C -  OCHj
F igu re  12: S tru c tu re  o f  D im ethy l Suberm idate D ih y d ro c h lo r id e
To o b ta in  good d e te c tio n  by s ta in in g  on SDS-PAGs a t  a s u ita b le
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sample lo a d in g  a f i n a l  p ro te in  c o n c e n tra tio n  o f 1 mg/ m l was 
cons ide red  o p t im a l,  A s u ita b le  c o n c e n tra tio n  o f  DMS w h id i 
gave p re d o m in a n tly  in t ra -m o le c u la r  ra th e r  than in  te  r** m o le c u la r 
c ro s s - l in k in g  was sough t.
3 .3 .1 .  Ef f e c t  o f  RdS C o n ce n tra tio n  on the e x te n t ^ f  C ro s s -L in k in g
A s e r ie s  o f  f ib r in o g e n  sam ples, in c u b a te d  w ith  d i f f e r e n t  
c o n c e n tra tio n s  o f  DMS fo r  1 h a t  30°C, were examined by 
SDS-PAGE. From d e n s ito m e te r scans o f  reduced samples i t  
was p o s s ib le  to  e s tim a te  the  e x te n t o f  the in t r a  and i n t e r -  
m o le c u la r c r o s s - l in k in g .  A t DMS c o n c e n tra tio n s  o f  4 mg/ml 
and above th e re  was e x te n s iv e  in te r -m o le c u la r  c r o s s - l in k in g .  
C ro s s - l in k in g  was appa ren t a t  DMS c o n c e n tra tio n s  o f  0 .2  5 mg/ 
ml b u t  a t  1 mg/ml DMS the th re e  c ro s s - l in k e d  in te rm e d ia te s  
w ith  m o le cu la r w e ig h ts  le s s  than the in t a c t  m o lecu le  (T ab le  V) 
and the th re e  reduced cha ins  o f  f ib r in o g e n  were a l l  p re s e n t 
in  d e te c ta b le  q u a n t i t ie s  as w e l l  as the co m p le te ly  c ro s s - 
l in k e d  m o lecu le  (F ig u re  1 3 ) . T h is  cm  c e n tra t io n  o f  DMS o f  
1 mg/ml was used in  fu r th e r  e xpe rim en ts .
P ro te in  A pparent N -T erm ina l P robab le  Chain
Band M o le c u la r W eight Am ino-acids C om position
1 46,000 T yr a
2 55,000 -  BA
3 70,000 A la  A ^
4 95,000 . Tyr o r B A , X'
5 120,000 A la , T yr ApC, X
6 155,000 A la , T yr A c t ,  B ^ , %
Table V: M o le cu la r W eights and Chain C om position o f  the
Bands on SDS-PAGs o f  Reduced Samples o f  C ross- 
L inke  d Fib  rinogen
F igu re  13: E f fe c t  o f  DMS C o n cen tra tion  on the e x te n t o f  C ro ss -L in k in g
4% SDS-PAGs o f  reduced c ro s s - lin k e d  f ib r in o g e n
DMS CONCENTRATION (mg/ml )
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3 .3 .2 .  E f fe c t  o f  Calcium/EGTA on C ro s s - l in k in g
F ib rinogen  was c ro s s - lin k e d  w ith  DMS d u ring  in c u b a tio n  w ith  
e i th e r  2 mM CaCl^ o r 2 mM EGTA. Samples from each in cu ba - 
t j  on were reduced and examined by SDS-PAGE a longs ide  a 
c o n tro l f ib r in o g e n . When dens itom e te r scans o f  the th ree  
p re p a ra tio n s  were compared (F ig u re  14) no gross d if fe re n c e s  
in  the p a tte rn  o f c ro s s - l in k in g  cou ld  be seen. Thus DMS is  
unable to  ctetect a co n fo rm a tio n a l change in  the f ib r in o g e n  
m olecule in  the presence and absence o f ca lc ium .
3 .3 .3 .  N -T erm ina l A n a lys is
The chains o f reduced c ro s s - lin k e d  f ib r in o g e n , sepa ra ted  by 
SDS-PAGE, were e x tra c te d  and N -te rm in a l a n a ly s is  o f each e x - 
t j-a c t perform ed. The chains though t to  be p re se n t in  ead i 
band are shown in  Table V. The id e n t i f ic a t io n  is  te n ta ­
t iv e  as the chain has a b locked  N -te rm in a l and cannot be
id e n t i f ie d  by d a n s y la tio n  and the apparent m o le cu la r w e ights  
o f the c ro s s - lin k e d  in te rm e d ia te s  are less  than the sum o f 
the c o n s t itu e n t cha ins . The band w ith  the h ig h e s t m o le cu la r 
w e igh t whidh is  less  than the f u l l  m olecule is  though t to  be 
the 'h a lf -m o le c u le ' c o n s is tin g  o f one o f  eadr o f  the th ree  
chains o f  f ib r in o g e n , A<%^, B/S and Y  . The o th e r two bands 
are composed o f Y -  o r  B ^  -  Y  and A -  Y  cha ins . There
is  no in d ic a t io n  o f  the presence o f  an A oC -  A chain 
dim er.
cF igu re  14: E f fe c t  o f  Calcium/EGTA on C ro s s -L in k in g  o f  F ib rin o ge n
D ensitom eter scans o f  4% SDS-PAGs'of f ib r in o g e n  c ro s s - lin k e d  in
a) 0.05 M T r is  pH 7.5 made 0.05 M w ith  re s p e c t to  NaCl.
b) the same b u f fe r  made 2 mM w ith  re s p e c t to  CaClg.
c) the same b u f fe r  made 2 mM w ith  re s p e c t to  EGTA.
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The re a c tio n  o f  f ib r in o g e n  w ith  DMS g ives r is e  to  c ro s s - 
l in k in g  p redom inan tly  w ith in  the h a l f  f ib r in o g e n  m o lecu le . 
There is  l i t t l e  a s s o c ia tio n  between the two h a lf-m o le c u le s  
as can be deduced from the absence o f  any m ajor bands between 
those o f the h a lf-m o le c u le  and the f u l l  f ib r in o g e n  molecule 
o f  reduced samples run on SDS-PAGs. From th is  i t  can be con­
c luded th a t  band fo u r (F ig u re  13) is  most p ro ba b ly  a Y -  
complex ra th e r  than a Y -  Y  dim er as tfie  l a t t e r  would favo u r 
the presence o f bands between the h a lf-m o le c u le  and the f i b ­
rinogen m o lecu le .
No change in  the c ro s s - l in k in g  p a tte rn  was de ted ted  on SDS- 
PAGs when fib r in o g e n  was c ro s s - lin k e d  in  the presence o f  
ca lc ium  o r EGTA. The re s u lts  o f  N -te rm in a l a n a ly s is  in d ic a te  
th a t  DMS does n o t form c ro s s - l in k s  between the two ha lves  o f 
t lie  f ib r in o g e n  m olecule th e re fo re  no in fo rm a tio n  re g a rd in g  
m ajor changes in  co n fo rm a tio n , which m igh t a r is e  from changes 
in  the number o f  occupied ca lc ium  b in d in g  s i t e s ,  can be ob­
ta in e d  from c ro s s - l in k in g  s tu d ie s  us ing DMS.
3 .4 . ELECTROPHORESIS OF ^^Ca-FIBRINOGEN
Lawrie & Kemp (1979) found th a t ,  in  the presence o f  ca lc iu m , f i b ­
r in o ge n , when examined by SDS-PAGE a f te r  re d u c tio n  a t 20°C gave 
fo u r  bands. The e x tra  band, n o t n o rm a lly  found w ith  reduced f i b ­
r in o g e n , had a m o b i l i t y  g re a te r  th a t  the Y  -  chain  and corresponded 
to  a decrease in  the s iz e  o f  the Y~chain peak on dens itom e te r
58
scans when compared to  f ib r in o g e n  reduced a t  100°C. They concluded 
th a t  ca lc ium  formed an in t ra -c h a in  b rid g e  a t the c a rb o x y l- te rm in a l 
o f  the V -c h a in .
Th is work was repeated us ing  r a d io a c t iv e ly  la b e lle d  ca lc iu m . On
5?d SDS-PAGs reduced f ib r in o g e n  gave fo u r  bands w ith  m o le cu la r w e igh ts
between AO,000 and 70,000 a lthough  n o t a l l  the f ib r in o g e n  was in  the
reduced form . The e x tra  band had a m o b il i ty  g re a te r  than th a t  o f
the  Y -c h a in . A g e l,  run under id e n t ic a l  c o n d it io n s  b u t n o t s ta in e d
45was s l ic e d  and the s l ic e s  te s te d  fo r  the presence o f  C a-ions. No 
r a d io a c t iv i t y  was d e tec ted  in  any o f  the s l ic e s .  Non-reduced f i b ­
rinogen samples were run on 4% SDS-PAGs and s im i la r ly  tre a te d .
Again no r a d io a c t iv i t y  was cfetected a lthough th e re  was r a d io a c t iv i t y  
p re se n t in  the sample a p p lie d .
3 .5 . PLASMIN DIGESTION OF ^^Ca-FIBRINOGEN
The co n c e n tra tio n  o f  ca lc ium  in  ^^C a -fib r in o g e n  and p la s m in -d ig e s te d  
^^C a -fib r in o g e n  p re p a ra tio n s  was e s tim a te d  by measuring the amount o f  
la b e lle d  ca lc ium  p re se n t and assuming p r o p o r t io n a l i ty  between la b e lle d  
and u n la b e lle d  lig a n d  in  the i n i t i a l  and f i n a l  s o lu t io n s .
From the re s u lts  o f  fo u r  separa te  la b e l l in g  experim ents the m olar 
r a t io  o f  ca lc ium  to  f ib r in o g e n  was 3 .1  0 .3 . The p lasm in  d ig es te d
samples were found to  co n ta in  35-40% less  ca lc ium  than the correspond­
in g  in ta c t  samples. These re s u lts  suggested th a t  l im i te d  d ig e s tio n  
o f  f ib r in o g e n  le d  to  a re d u c tio n  in  the number o f  h igh  a f f i n i t y  b in d ­
in g  s ite s  in  the m olecule, and the p robab le  invo lvem en t o f  the c a rb o x y l
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te rm in a l o f  the A o< -c h a in s .
To o b ta in  more q u a n t i ta t iv e  data these experim ents were repea ted  
u t i l i z i n g  the flo w  d ia ly s is  appa ra tus . The re s u lts  o f  these f u r ­
th e r  experim ents and subsequent work in  p re p a rin g  ' c a lc iu m - fre e ' 
s o lu t io n s  suggest th a t . th e  re s u lts  ob ta in ed  above are a r te fa c ts .
The b u ffe rs  used were n o t p re - t re a te d  in  any way and con ta in ed  both 
NaCl and MgCl^, both  o f  which were la t e r  found to  co n ta in  s i g n i f i ­
cant le v e ls  o f co n ta m in a ting  ca lc ium . This would lead  to  an under­
e s tim a tio n  o f the  amount o f  ca lc ium  bound. A lso , the excess o f  
magnesium io n s  over ca lc ium  io n s  was p ro ba b ly  n o t s u f f i c ie n t  to  
p re ve n t the low a f f i n i t y  b in d in g  o f  ca lc ium  to  f ib r in o g e n  which
a ffe c ts  the amount o f  ca lc ium  bound to  the p la s m in -d ig e s te d  
f ib r in o g e n .
3 .6 . FLOW DIALYSIS
3 .6 .1 . P re lim in a ry  Experim ents
I n i t i a l  experim ents  were perform ed to  determ ine the membrane 
p ro p e r t ie s  w ith  re s p e c t to  ca lc ium  and to  co n firm  the e q u i l ib ­
ra t io n  volume re q u ire d , g iven  by Colowick & Womack (1969) as 
fo u r to  f iv e  tim es the low er chamber volume.
The f i r s t  experim ents  were c a r r ie d  out us ing  a flo w  c e l l  k in d ly  
le n t  by Dr. J . In g le  dew who recommended the use o f  a double 
membrane fo r  optimum perform ance. This flo w  c e l l  had a low er 
chamber volume o f 1 ml and an upper chamber volume o f  0 .5  m l.
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The re s u lts  o f  d ia ly s is  experim ents perform ed in  the absence 
o f p ro te in  in d ic a te d  th a t  a much l in g e r  e q u i l ib r a t io n  time 
was necessary than th a t  suggested by Colowick & Womack.
From these i n i t i a l  experim en ts  the d isadvantages o f  such a 
sm a ll w ork ing  volume in  the upper compartment were a ls o  
e v id e n t. Only a s m a ll number o f  a d d it io n s  cou ld  be made and, 
because o f the s m a ll i n i t i a l  volume, the d i lu t io n  e f f e c t  on 
the iso to p e  was n o tic e a b le  as a drop in  the p la te a u  le v e l o f  
r a d io a c t iv i t y  in  the e f f lu e n t .  In  a d d it io n ,  h igh  flow  ra te s  
cou ld  n o t be used as th is  re s u lte d  in  back-p ressu re  which 
adve rse ly  a ffe c te d  the ra te  o f  d ia ly s is  and hence the speed 
o f e q u i l ib r a t io n .
The la rg e r  flow  c e l l  o b ta in e d  from B e l A r t  P roducts  L td . was 
used in  fu r th e r  e q u il ib r iu m  d ia ly s is  e xpe rim en ts , s im i la r  to  
those perform ed w ith  the s m a ll flo w  c e l l ,  in  which f ib r in o g e n  
was o m itte d  from the upper compartment. D ia ly s is  sheets de­
s igned  s p e c i f ic a l ly  fo r  use w ith  the flow  c e l l  were found to  
re q u ire  e ig h t  tim es the low er chamber volume, tw ice  the expected 
b u f fe r  volume, to  reach e q u il ib r iu m  w h ile , w ith  Sigma and 
V is k in g  double membranes, e q u il ib r iu m  had n o t been reached 
a f t e r  s ix te e n  tim es the low er chamber volume o f  b u f fe r  had 
passed through the c e l l  (F ig u re  1 5 ).
A p o s s ib le  e x p la n a tio n  o f  the slow e q u i l ib r a t io n  tim es was 
low a f f i n i t y  b in d in g  o f ca lc ium  to  the d ia ly s is  membranes.
In  o rd e r to  a s c e r ta in  i f  t h is  was so each o f  the th ree
F igu re  15: P re lim in a ry  Flow D ia ly s is  E xperim en ts. The E q u i l ib r a t io n  o f  Membranes
(0   0) S ing le  D ia ly s is  Sheet (B e l-A r t  P roducts)
(+    +) Double Sigma Membrane
CPM
600
o -o
400
200
EFFLUENT VOLUME (ml)
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40membrane types was te s te d  by adding 10 pL o f  1 mM CaClg
to  the upper chamber once the system had reached e q u il ib r iu m .
In  each case the re  re s u lte d  a peak o f  r a d io a c t iv i t y  in  the 
e f f lu e n t  be fo re  the le v e l o f  r a d io a c t iv i t y  re tu rn e d  to  a 
s te a d y -s ta te  a t  a s l i g h t l y  low er le v e l than th a t  b e fo re  the 
a d d it io n  (F igu re  16 ). The a d d it io n  o f  n o n -ra d io a c tiv e  lig a n d  
shou ld  n o t have a ffe c te d  the s te a d y -s ta te  as the co n ce n tra tio n  
o f iso tcp e  in  the e f f lu e n t  is  dependent on ly  on the f ra c t io n  
o f  s u b s tra te  free  in  the upper chamber and n o t on the t o t a l  
c o n c e n tra tio n  o f s u b s tra te . The appearance o f  a pu lse  o f 
r a d io a c t iv i t y  in to  the e f f lu e n t  on the a d d it io n  o f ^C a C l^  
suggested th a t  ca lc ium  io n s  were b in d in g  to  the membrane. P re ­
tre a tm e n t o f the membranes w ith  b ica rb o n a te  and EGTA d id  n o t 
e lim in a te  th is  response.
In  o rde r to  n u l l i f y  the e f fe c ts  o f  any charged groups on the mem­
brane w h id i m ight be in t e r fe r in g  w ith  d ia ly s is  the Sigma and V is k in g  
membranes were a c e ty la te d . The d ia ly s is  sheets which are a s in g le  
la y e r  cou ld  n o t e a s i ly  be a c e ty la te d . This d id  n o t s ig n i f ic a n t ly  
a l t e r  the e q u i l ib r a t io n  tim e b u t d id  reduce the le v e l o f  ra d io ­
a c t i v i t y  in  the e lu e n t (F ig u re  17).
S in g le  Sigma and V is k in g  membranes were then t r ie d .  These 
systems were found to  e q u i l ib r a te  w ith in  the expected p e r io d  
and d id  n o t g ive  a peak o f  r a d io a c t iv i t y  on the a d d it io n  o f 
10 pL o f  ^^CaCl^. However the use o f  s in g le  membranes re s u lte d  
in  a s ig n i f ic a n t  in c re a se  in  the p la te a u  le v e l o f  r a d io a c t iv i t y
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F igure  16: Flow D ia ly s is  P re lim in a ry  Experim ents
AnA d d it io n s  o f  CaCl„ to  the Flow C e ll a f t e r  the E stab lish m e n t 
o f  E q u ilib r iu m
(X--------- X) S in g le  Sigma Membrane
(0--------- 0) Double V is k in g  Membrane
CPM °  " ^ " O -  O "  0 - 0 - 0 _ ^  -  0 - 0
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F igure  17: Flow D ia ly s is  P re lim in a ry  Experim ents
The E f fe c t  o f  the use o f  A c e ty la te d  Membranes 
(0 — —  0) S in g le  V is k in g  Membrane -  n o n -a c e ty la te d
( 4- +•) S in g le  V is k in g  Membrane -  a c e ty la te d
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in  the  e lu e n t.  To reduce the amount o f  la b e l lo s t  d ia ly s is  
was c a r r ie d  ou t us ing  a c e ty la te d  membranes. Th is shou ld  
a ls o  have e lim in a te d  any a r te fa c ts  which m ight a r is e  from 
s m a ll q u a n t i t ie s  o f  ca lc ium  b in d in g  to  the d ia ly s is  membrane.
As a r e s u l t  o f  these p re lim in a ry  in v e s t ig a t io n s  a c e ty la te d  
s in g le  la y e r  Sigma d ia ly s is  membranes were used in  subsequent 
e xp e rim e n ts .
Before the  flo w  d ia ly s is  c e l l  cou ld  be used fo r  ra te  o f  
d ia ly s is  i t  had to  be m o d if ie d  to  reduce the amount o f ca lc ium  
lo s t  d u r in g  the course o f  an expe rim en t. Th is was done by 
p la c in g  the d ia ly s is  membranes between two perpex in s e r ts  thus 
reduc ing  the su rfa ce  area o f  the membrane exposed to  the s o l­
ven t. F igu re  J 8 compares the e lu t io n  p r o f i le  o f  the m o d ifie d  
w ith  the un-m o d if ie d  c e l l  in  a p ro te in -  fre e  assay. Using the 
in s e r t  the re  was a re d u c tio n  by tw o - th ird s ,  o f  the amount o f  
ca lc ium  lo s t  in  the e lu e n t w ith o u t any change in  the b u f fe r  
volume re q u ire d  to  re a d i s te a d y -s ta te .
3 ,6 .2 . P re p a ra tio n  o f  C a lc ium -free  S o lu t io r ^
3 .6 .2 .1 .  Atom ic A bso rp tion  S pectrom etry
The ca lc ium  co n c e n tra tio n s  in  f ib r in o g e n  and b u f fe r  samples were 
measured by Atom ic A bso rp tion  S pectrom etry  (AAS). To o b ta in  
accura te  data care must be t'aken to  ensure in te r fe re n c e  e f fe c ts  
are m in im ised . The two types o f  in te r fe re n c e  most l i k e ly  to
CPM
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F igu re  18: M o d if ic a t io n  o f  the Flow D ia ly s is  C e ll:  The E f fe c t  o f
M o d if ic a t io n  on the Amount o f  R a d io a c t iv ity  in  the E f f lu e n t
(0 -------  0) W ith perspex in s e r t
( h  +) W ithou t perspex in s e r t
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e f fe c t  measurement o f ca lc ium  in  f ib r in o g e n  s o lu t io n s  are 
io n is a t io n  and m a tr ix  in te r fe re n c e .  The form er occurs 
when hot flam es, e .g . n it r o u s  o x id e /a c e ty le n e , are used to  
measure elements, such as ca lc ium , w ith  r e la t iv e ly  low 
io n is a t io n  p o te n t ia ls .  I t  can be overcome by the a d d it io n  
o f  ano ther e a s i ly  io n is e d  e lem ent, such as sodium, and w i l l  
r e s u l t  in  an inc rease  in  absorbance o f the measured e lem ent 
(F igu re  19a). M a tr ix  in te r fe re n c e  can a r is e  from d if fe re n c e s  
in  v is c o s ity  in  samples and s tan d a rds , which in  tu rn  a f fe c ts  
tlie  ra te  o f n é b u lis a t io n  w ith in  the flam e. However the 
e f fe c t  o f  v is c o s ity  i s  n e g l ig ib le  when samples are in  d i lu te  
S'.ueous s o lu t io n .  B u t, because o f  these e f fe c ts ,  i t  is  o f 
p rim a ry  im portance fo r  s tandards and samples to  have, as fa r  
as p o s s ib le , the same chem ical com pos ition .
To ensure th a t  the e f fe c ts  o f in te r fe re n c e  were overcome the 
method o f  s tanda rd  a d d it io n s  was used when de te rm in in g  the 
ca lc ium  com position  o f  f ib r in o g e n  samples. For t h is  a 
sample was s p l i t  in to  a number o f equa l s iz e d  a liq u o ts  and 
d i f fe r e n t  amounts o f  s tandard  ca lc ium  s o lu t io n  were added to  |
each. F in a l ly  a l l  a liq u o ts  were d i lu te d  to  the same volume j
Ig iv in g  a s e r ie s  o f samples o f c o n s ta n t p ro te in  c o n c e n tra tio n  I
buh va ry in g  ca lc ium  c o n c e n tra tio n s . When the absorbance {
read ings were p lo t te d  a g a in s t the f in a l  known ca lc ium  concen- |
!t r a t io n  o f the samples a l in e  p a r a l le l  to  th a t  fo r  b u f fe r  j
s tandards was ob ta ined  (F ig u re  19b). When the l in e  is  }
F igu re  19: Atom ic A bso rp tion  S pectrom etry
a) Io n is a t io n  In te r fe re n c e : i t s  E lim in a t io n  by the
Presence o f Sodium Ions
( □ -------- □ ) Calcium measured in  d i s t i l l e d
(0---------- 0) Calcium measured in  0.05M T r is  pH 7.5 made 0.15 M
w ith  re sp e c t to  NaCl
b) The Method o f  S tandard A d d it io n s
( 0 -------- □) F ib rinogen  and s tanda rd  ca lc ium  s o lu t io n s
(D----------0 ) S tandard  ca lc ium  s o lu t io n s
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e x tra p o la te d  the p o in t  where i t  cu ts  the absc issa  in d ic a te s  
the co n ce n tra tio n  o f  ca lc ium  co rrespond ing  to  the  f ib r in o g e n  
sam ple.
3 .6 .2 .2 .  P re pa ra tio n  o f  C alc ium -Free B u ffe rs
B u ffe r  s o lu t io n s  were p repared  by pass ing  co nce n tra te d  s o l­
u tio n s  o f the in d iv id u a l  b u f fe r  components through a C he lex- 
100 column and d i lu t in g  these in  a p p ro p ria te  r a t io s  be fo re  
use. The ca lc ium  c o n c e n tra tio n s  o f  sm a ll samples o f the d i ­
lu te d  p re p a ra tio n s  were measured by AAS and the re s u lts  are 
shown in  Table V I, NgCl^ s o lu t io n s  were n o t passed through 
the Che lex-100  column as the re s in  has a s im i la r  a f f i n i t y  
fo r  Ca^^-ions and M g^^-ions th e re fo re  ca lc ium  would n o t be 
removed s e le c t iv e ly .
B u ffe r
be fo re  
Chelex-100 
(c a lc i urn] 
(>jM)
a f te r  
Chelex-100 
[ca lc ium ] 
(pM)
0.05 M T r is  pH 7.5 1 .9 1.0
0.15 M NaCl 3.75 -
0.05 M Im idazo le
pH 7.5 - -
0.05 M T r is  
0:15 M NaCl pH 7.5 5 .0 1 .8
Table V I: Calcium C oncen tra tions  o f  B u ffe r  S o lu tio n s
Measured by AAS
Values o f  ( - )  in d ic a te  ca lc ium  c o n c e n tra tio n s  
o u tw ith  the s e n s i t i v i t y  o f  the in s tru m e n t.
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When 10 mM MgCl^ was added to  the Che lex-100  tre a te d  T r is /  
NaCl b u f fe r  the r e s u lt in g  s o lu t io n s  had le v e ls  o f  contam i­
n a tin g  ca lc ium  in  the re g ion  o f 3.25 ;jM.
3 .6 .2 .3 .  P re p a ra tio n  o f Calcium -Free F ib rinogen
To remove ca lc iu m , f ib r in o g e n  was f i r s t  d ia ly s e d a g a in s t 
T r is /N a C l b u f fe r  and made 1 mM w ith  re sp ec t to  EGTA fo llo w e d  
by d ia ly s is  a g a in s t two changes o f the same b u f fe r  from 
which EGTA was o m itte d . The d ia ly s is  tu b in g  (V is k in g )  was 
f i r s t  washed in  NaHCO^/EGTA and r in s e d  e x te n s iv e ly  in  d is ­
t i l l e d  H^O. When compared to  s im i la r  samples d ia ly s e d  in  
tu b in g  whidh was washed on ly  in  d i s t i l l e d  H^O o r had been 
a c e ty la te d  be fo re  use no s ig n i f ic a n t  d if fe re n c e  in  the c a l­
c iu m /fib r in o g e n  m o la r ra t io ,  was found. Sm all a liq u o ts  o f  p ro ­
te in  were te s te d  a f t e r  each stage o f d ia ly s is  (Tab le  V I I)  and 
as expected the re  was a decrease in  the ca lc ium  concent­
ra t io n  o f the s o lu t io n .  However a f te r  a t h i r d  change o f 
EGTA fre e  b u f fe r  the re  is  a s l ig h t  inc rease  in  the c a lc iu m / 
fib r in o g e n  r a t io .
D ia ly s is  Step D ia ly s is  B u ffe r C a lc iu m /F ib rin o ge n
1
0.05 M T ris  
0 .15 M NaCl 
1 uM EGTA pH 7.5
7
2 0.05 M T r is  0.15 M NaCl pH 7.5 1.2
3 0 .05  M T r is  0 .15  M NaCl pH 7.5 1.2
4 0.05 M T r is  0 .15 M NaCl pH 7.5 2 .4
Table V I I :  M olar R a tio  o f  Calcium to  F ib rin o ge n  in  F ib rinogen  
Samples a t D if fe r e n t  Stages o f D ia ly s is
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3 .6 .3 . P lasmin D ig e s tion  o f  F ib rin o ge n
F ib rinogen  was d ig e s te d  by p lasm in  in  the flow  d ia ly s is  c e l l  to  
determ ine i f  any h igh  a f f i n i t y  ca lc ium  b in d in g  s i te s  cou ld  be 
de tec ted  in  those p a r ts  o f  the m olecule f i r s t  a tta c k e d  by p lasm in .
F igu re  20a fo llo w s  the p rogress o f  d ig e s tio n  o f  f ib r in o g e n  by 
p lasm in ta k in g  p lace in  the top chamber o f  the flow  d ia ly s is  c e l l .  
W ith in  two m inutes o f  the a d d it io n  o f p lasm in an a p p re c ia b le  p o r­
t io n  o f  the AoC~chain had been d ig e s te d  to  a fragm ent o f  apparent 
m o lecu la r w e igh t 25,000. No in t a c t  A ^ -c h a in  was e v id e n t a f te r  
20 min. The lo ss  o f  ca lc ium  from the system is  fo llo w e d  in  
F igure  20b. In  both  p ro te in  d ig e s t and in  the s tan d a rd  the re  was 
an i n i t i a l  drop in  the le v e l o f  r a d io a c t iv i t y  in  the e lu e n t on 
the  a d d it io n  o f  p lasm in  as a r e s u l t  o f  d i lu t io n .  The p la te a u  
le v e l o f  the b u f fe r  s tan d a rd  was 300 cpm h ig h e r than th a t  in  the 
f ib r in o g e n  experim ents  which in d ic a te d  th a t  ^^C a-ions were bound 
to  the p ro te in  m o lecu les . The e lu t io n  p r o f i le s  from the f ib r in o g e n  
d ig e s tio n  and the f ib r in o g e n  s tan d a rd  are p a r a l le l .  Th is would 
suggest th a t  the re  was no s ig n i f ic a n t  re lease  o f  ca lc ium  when f i b ­
rinogen was d ig es te d  by p la sm in . I f  ca lc ium  was bound a t the 
ca rb o xy l te rm in a l o f  the A cha ins an inc rease  in  unbound ca lc ium  
in  the upper chamber would be expected  on the a c tio n  o f  p lasm in .
This inc rease  in  the c o n c e n tra tio n  o f  unbound ca lc ium  would r e s u l t  
in  an increase  in  the amount o f  r a d io a c t iv i t y  in  the e lu e n t b u f fe r .  
The inc rease  would n o t take the form o f  a pu lse  o f  r a d io a c t iv i t y  b u t 
would be an inc rease  in  the p la te a u  le v e l measured in  the e lu e n t.
45F ig u re  20; D ig e s tion  o f  C a-F ibrinogen in  the Flow D ia ly s is  C e ll
a) The e x te n t o f  d ig e s tio n  o f  f ib r in o g e n  a t  va rio u s  
tim es a f te r  the a d d it io n  o f  p lasm in .
b) The lo ss  o f  ^^Ca^ io n s  from the flo w  c e l l  d u ring  
the d ig e s tio n  o f  f ib r in o g e n  by p lasm in .
X) B u ffe r  s tanda rd(X—
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From these re s u lts  and the re s u lts  from the c ro s s - l in k in g  experim ents 
no evidence has been found to  s u p p o rt the p ro p o s it io n  th a t  the re  is  
a h igh  a f f i n i t y  ca lc ium  b in d in g  s i t e  a t the ca rb o x y l te rm in a l o f  the 
A chains in  f ib r in o g e n .
3 ,6 . 4. L igand B ind ing
L igand b in d in g  expe rim en ts , us ing  the  flow  d ia ly s is  techn ique  and 
f ib r in o g e n  p re p a ra tio n s  w ith  a h igh  degree o f  i n t e g r i t y ,  were p e r­
formed to  o b ta in  q u a n t i ta t iv e  data re g a rd in g  the number o f  h igh  
a f f i n i t y  ca lc ium  b in d in g  s i te s  in  f ib r in o g e n .
F igu re  21 shows the tim e course o f  the ra te  o f  d ia ly s is  o f  ca lc ium  
in  the presence and absence o f  f ib r in o g e n . When excess ca lc ium  was 
added, in  the presence o f  f ib r in o g e n ,  the c o n c e n tra tio n  o f iso to p e  
in  the e f f lu e n t  reached a maximum v a lu e , correspond ing  to  100% fre e  
ca lc ium , which is  c lose to  th a t  found fo r  ca lc ium  a lone . This i n d i ­
ca ted th a t  on ly  a s m a ll percentage o f  the t o t a l  ca lc ium  is  lo s t  
th roughou t the d u ra tio n  o f the expe rim en t. When the perspex in s e r t  
was used, g iv in g  a reduced membrane su rface  a rea, the t o t a l  ca lc ium  
lo s t  du ring  the experim en t was 7-8%. W ith o u t the in s e r t  45/50% o f 
the ca lc ium  was lo s t ,  a lo ss  too  g re a t f o r  m e a n in g fu l data to  be 
ob ta ined .
F igu re  22 is  a S catchard  p lo t  drawn from data d e r iv e d  from ra te  o f  
d ia ly s is  experim en ts . A l in e a r  p lo t  was o b ta ined  in d ic a t in g  th ree  
e q u iv a le n t ca lc ium  b in d in g  s i t e s .  The d is s o c ia t io n  co ns ta n t was
F igu re  21: L igand B in d in g  -  The Time Course o f  the Rate o f  D ia ly s is  in  the
Presence and Absence o f  F ib rin o ge n
^  A d d it io n  o f  CaCl^
( '  -------- * )  Presence o f  f ib r in o g e n
( x   x ) Absence o f  f ib r in o g e n
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F igu re  22; lig a n d  B in d in g  -  A Scatchard  P lo t  D erived from Data O btained
from Rate o f D ia ly s is  Experim ents
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1.4x10 as compared to  8.7x10 re p o rte d  by L indsey e t  a l.
(1978 ), These re s u lts  d i f f e r  from those o f  N ieuwenhuizen e t  a l,
(1979) who re p o rte d  two b in d in g  s i te s  K ^9 .0 x l0  and one b in d in g
s i t e  K ,3 2 x lO “ ^M. d
However, data o b ta ined  in  t h is  way, us ing  c a lc iu m -fre e  f ib r in o g e n , 
does n o t cover a s u f f i c i e n t l y  wide spectrum o f  va lu e s , in  p a r t ic u la r ,  
the low est "bound" value was neve r le ss  than 1 .1 , y e t those va lues 
between 0 - 1  ca lc ium  bound p e r f ib r in o g e n  m olecule are c r u c ia l ,  
p a r t ic u la r ly  i f  the S catchard  p lo t  is  a curve . Th is  problem  a r is e s  
from the r e la t iv e ly  h ig h  co n c e n tra tio n s  o f  ca lc ium  in  the "c a lc iu m - 
f re e "  f ib r in o g e n . In  b u f fe r  systems us ing  T r is  a n d /o r MgClg the 
problem is  exacerba ted  as n e ith e r  o f  these compounds cou ld  be fre e d  
from con tam ina ting  ca lc ium .
In  view o f these re s u lts  and in  o rd e r to  overcome the need fo r  a 
" c a lc iu m -fre e "  f ib r in o g e n  i t  was decided to  use re  v e rs e - lig a n d  
b in d in g  where ca lc ium  is  removed from the system by the c h e la to r  
EGTA,
3 ,6 .5  Reverse Ligand B in d in g
F igu re  23 fo llo w s  the re lease  o f  ca lc ium  from fib r in o g e n  by i n ­
c re a s in g  EGTA c o n c e n tra tio n s . There was an i n i t i a l  decrease o f 
r a d io a c t iv i t y  in  the e lu e n t as the co n ce n tra tio n  o f ca lc ium  in  the 
e lu e n t chcreases because the EGTA-Ca^^ion complex has a low er ra te
o f  d ia ly s is  than fre e  ca lc ium  io n s . The ra te s  o f  d ia ly s is  o f the 
2+EGTA-Ca ion  complex and ca lc ium  io n s  alone were c a lc u la te d  from
F igu re  23: Reverse Ligand B in d in g  -  The Time Course o f  the Rate o f  D ia ly s is  
In  0 .05 M im ida zo le /H C l pH 7.5 made 0.15 M w ith  re s p e c t to  NaCl.
^  EGTA A d d it io n s
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the p la te a u  le v e ls  ob ta ined  when excess EGTA and excess ca lc ium  
were added to  the flow  d ia ly s is  c e l l .  When the perspex in s e r t  
was used less  than 3?o o f  the ca lc ium  was lo s t  from the upper 
chamber w h ile  in  the absence o f  the in s e r t  9% o f the lig a n d  was 
lo s t  d u rin g  the expe rim en t.
F igu res  2 4 /2 5 -are p lo ts  o f data d e r iv e d  from reverse  iig a n d  b in d -"  » - 
in g  experim ents in  Ù.05 M Im idazo le  pH 7.5 made 0.15 M w ith  re sp e c t 
to  NaCl. F igu re  24 i s  the norm al S catchard  p lo t  o f  B/F a g a in s t B, 
however, because o f  the sharp in c re ase  in  B/F around B = 1 , to  
accommodate a l l  the p o in ts - the sca le  on the o rd in a te  a x is  has been 
b roken. In  o rd e r to  o b ta in  a con tinuous curve a p lo t  o f  log  (B /F ) 
a g a in s t B was made as i s  shown in  F igu re  25. When both  curves are 
examined i t  is  apparent th a t  the re  i s  a marked in c re ase  in  the value 
o f B/F when the number o f  ca lc ium  io n s  bound to  f ib r in o g e n  is  about 
one. There is  a ls o  a sugges tion  th a t  the curve is  f a l l i n g  back on
i t s e l f  a t  h igh  co n c e n tra tio n s  o f  EGTA when the B/F va lues are h ig h e s t.
S im ila r  re s u lts  were o b ta ined  when experim ents were perfo rm ed us ing  
0.05 M T r is  b u f fe r  pH 7.5 made 0 .15 M w ith  re sp e c t to  NaCl and 10 mM
w ith  re sp ec t to  MgClg (F ig u re  2 6 /2 7 ). The p o in t  o f  in f le c t io n  i s  a t
a low er va lue o f  B because o f  the presence o f  magnesium and the f a l l ­
in g  back o f  the curve a t  h ig h  B /F va lues is  more obv ious.
The shape o f  the curve can be in te r p r e te d  in  a number o f  ways. The 
most obvious is  to  assume the presence o f  d i f fe r e n t  groups o f  b in d in g
F ig u re  24: Reverse L igand B in d in g  -  In  the  Absence o f  Magnesium:
A S catchard  P lo t  D erived  from  Data 
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s i te s  w ith  d i f fe r e n t  a f f i n i t i e s  as was done w ith  the re s u lts  o f  the 
lig a n d  b in d in g  expe rim en ts . A p p lie d  to  the re s u lts  f o r  reve rse
lig a n d  b in d in g , and d is c o u n tin g  the B/F va lues g re a te r  than 1x10 ^ ,
— 7 —6the re  are two b in d in g  s ite s  «^8x10 M and one s i t e  K,^7.5xlO M.
This is  a t va riance  w ith  the re s u lts  from lig a n d  b in d in g  experim ents 
and a lso  w ith  p u b lish e d  re s u lts .  However, S catcherd  a n a ly s is  was 
d e rive d  f o r  the in te r p r e ta t io n  o f  s t r a ig h t  l in e s  ra th e r  than curves 
and the re  are o th e r p o s s ib le  in te r p r e ta t io n s  o f  the curves such as 
c o -o p e ra t iv i ty  between ca lc ium  b in d in g  s i te s  o r the b in d in g  o f 
c h e la to r  to  f ib r in o g e n .
D I S C U S S I O N
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4 .1 . PURIFICATION OF FIBRINOGEN
The use o f DEAE-Cellulose is  a r e la t iv e ly  qu ick  and e f f i c i e n t  
method fo r  im p rov ing  the q u a l i t y  o f  Kabi f ib r in o g e n  and, in  
c o n ju n c tio n  w ith  Lys in e -se p ha ro se , removing p r o te o ly t ic  enzymes 
which m igh t be p re se n t. I t  i s  e a s i ly  adapted to  p u r i f ic a t io n  
o f  fiuman plasma a lthough  cou ld  n o t be c a r r ie d  out a t p h y s io ­
lo g ic a l  ca lc ium  c o n c e n tra tio n s  as, in  the presence o f  2 mM 
CaClg an in s o lu b le  c lo t  formed d u r in g  d ia ly s is  p r io r  to  the 
a d d it io n  o f f ib r in o g e n  to  D EAE-Cellu lose. Even us ing  alum­
in iu m  hydrox ide  g e l,  which removes F a c to r I I  ( th ro m b in )^
F a c to r V I I ,  F a c to r IX and F a c to r X, an in s o lu b le  p r e c ip i ta te  
formed a t ca lc ium  c o n c e n tra tio n s  o f 1 mM and above. When rio 
ca lc ium  was added to  b u f fe rs  no s ig n i f ic a n t  d if fe re n c e  was found 
d u rin g  p u r i f ic a t io n  between samples p repared  in  b u f fe r  made 
0 .5  mM w ith  re sp ec t to  CaCl^ and those p repared in  c a lc iu m -fre e  
b u f fe rs .  L a te r work us ing  AAS showed th a t  the ca lc ium  concen­
t r a t io n s  in  the f ib r in o g e n  samples e lu te d  from DEAE-Cellulose 
were c ir c a  0 .2  mM. I t  would seem th e re fo re ,  th a t  the re  was 
s u f f ic ie n t  co n ta m in a ting  ca lc ium  p re sen t to  m a in ta in  a reason­
able ca lc ium  co n c e n tra tio n  in  the p re p a ra tio n s .
The e lu t io n  p r o f i le s  from DEAE-Cellulose o f Kabi f ib r in o g e n  and 
f ib r in o g e n  from ou tda ted  b lood-bank plasma were s im i la r .  Peak I  
f ib r in o g e n , a lthough  n o t e n t i r e ly  fre e  o f A </.- chain h e te ro g e n e ity , 
is  an improvement on com m erc ia lly  a v a ila b le  f ib r in o g e n  and can be 
ob ta in ed  q u ic k ly ,  in  under 36 h ou rs , from ou tda ted  b lood-bank plasma.
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Peak I I  f ib r in o g e n , a lthough  degraded, is  a good source o f 
f ib r in o g e n  fo r  p re p a ra tio n s  o f  fragm ents D and E p ro v id e d  
f r a c t io n s  are c o lle c te d  and poo led  so th a t  con tam ina tion  
w ith  f ib ro n e c t in ,  which is  sometimes p re se n t in  the ' t a i l '  
o f  peak I I ,  is  avoided.
The y ie ld  o f Peak I  f ib r in o g e n  from plasma v a r ie d  co n s id e ra b ly  
and was sometimes as low as 50 mg from 100 ml plasma compared 
to  the  average f ib r in o g e n  c o n c e n tra tio n  in  norm al plasma o f 
300 mg/100 ml ( Gram, 1922). However, Semeraro e t  a l .  (1977) 
shewed th a t  in  both com m ercial f ib r in o g e n  (KABI AB) and o u t­
dated plasma f ib r in o g e n  p re p a ra tio n s  about 50% o f  the Ac<.-diains 
are degraded. T h e re fo re , i f  a p re p a ra tio n  w ith  a h igh  degree 
o f  i n t e g r i t y  is  p repared a low y ie ld  is  to  be expected . Semeraro 
e t  a l .  concluded th a t  th is  in c re ase d  degradation  was the r e s u l t  
o f  in  v i t r o  degrada tion  d u rin g  s to ra g e . Th is would p a r t ly  ex­
p la in  the v a r ia t io n  in  the y ie ld  from d i f fe r e n t  plasmas and the 
low recovery  o f  Peak I  f ib r in o g e n .
T he c a rb o x y l te rm in a ls  o f  the A c<-chains have been im p lic a te d  
in  the h igh  a f f i n i t y  b in d in g  o f  ca lc ium  io n s . P rev ious  s tu d ie s  
o f  ca lc ium  b in d in g  in  f ib r in o g e n  have been made in  which human 
f ib r in o g e n , p u r i f ie d  from b lood-bank plasma where no e x tra  
s teps  had been taken to  ensure a h ig h ly  in t a c t  p re p a ra t io n , 
was used. L indsey e t  a l .  (1978) used a f ib r in o g e n  w ith  a h e t­
erogeneous A ex. -  chain p repared  by ammonium su lp ha te  f r a c t io n a ­
t io n . Nieuwenhuizen e t  a l .  (1979) a ls o  used the ammonium su lp ha te
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f ra c t io n a t io n  and fo llo w e d  th is  w ith  a g e l f i l t r a t i o n  step  
on Sepharose 68. The b u f fe rs  used th roughout the p re p a ra tio n  
were 3 mM w ith  re sp e c t to  EDTA. The re s u lts  o f p u r i f ic a t io n  
o f r a t  f ib r in o g e n  by th is  method (Van R uijven-Verm eer &
Nieuwenhuizen, 19 78) in d ic a te  a f ib r in o g e n  p re p a ra tio n  s im i­
la r  to  Peak I I  f ib r in o g e n  w ith  some in t a c t  A Pk-chains and 
some degraded, d e tec ted  as a heavy Byb - chain band when com­
pared to  th a t  o f the - chain  on SDS-PAGs. The p re p a ra tio n
o f a h ig h ly  in t a c t  f ib r in o g e n  p re p a ra tio n  was cons ide red
e s s e n t ia l b e fo re  und e rtak ing  any ca lc ium  b in d in g  expe rim en ts . I
In  o rd e r th a t  p u r i f ic a t io n  cou ld  be completed w ith in  36 h the |
s ta r t in g  volume from fre sh  frozen  plasma never exceed 18] m l. j
P re p a ra tio n  o f  f ib r in o g e n  in  s m a ll q u a n t i t ie s  had the advan t- j
age th a t  s to rage  time was s h o r t  and th e re fo re  ttîe p o s s ib i l i t y  j
i
o f in  v i t r o  degrada tion  o f p u r i f ie d  f ib r in o g e n  was reduced. I
4 .2 . THE HIGH AFFINITY CALCIUM BINDING SITES OF FIBRINOGEN |I
I t  has been re p o rte d  th a t  the re  are th ree  h igh  a f f i n i t y  ca lc ium  ;
b in d in g  s i te s  in  f ib r in o g e n  (M arguerie  e t  a l . ,  1977; L indsey e t  a l . ,  j
I
1978; Nieuwenhuizen e t  a l . ,  1979). Two o f these have been lo c a te d  iI
in  the p lasm in  d ig e s tio n  fragm ent D w h ile  fragm ent E has been found j
n o t to  b in d  ca lc ium . The t h i r d  s i t e  must, th e re fo re ,  be p re sen t
I
in  the rem ain ing  p a rts  o f  the m olecule destroyed  by d ig e s tio n  by |
p lasm in which are the N - te rm in a l reg ion  o f  the m olecule n o t in v o lv e d  j
in  fragm ent E, the reg ion  o f the m olecule jo in in g  fragm ent D and E I
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and the ca rb o xy l h a l f  o f  the A cha ins . I f  i t  i s  assumed th a t  
the. symmetry o f  the f ib r in o g e n  m olecule is  re ta in e d  i t  i s  u n l ik e ly  
th a t  a ca lc ium  io n  cou ld  b rid g e  the two ha lves o f the m olecule in  
the  area between fragm ents D and E ir r e s p e c t iv e  o f  which model fo r  
f ib r in o g e n  shape is  p re fe r re d .  The two o th e r p o s s ib le  s i te s  are 
more com patib le  w ith  the r e s t r a in ts  o f  a s in g le  ca lc ium  io n  and 
the m a in ta in in g  o f  m o le cu la r symmetry. I t  i s  p o s s ib le  th a t  a 
ca lc ium  ion  is  bound in  the f ib r in o p e p t id e  re g ion  o f the N-DSK 
and would pr'Ooably be re le a se d  by the a c tio n  o f  throm bin and 
d u rin g  plasm in d ig es tio n .H ow e ve r, a lthough  e f f o r t s  to  p u r i f y  N-DSK 
were s u cce ss fu l i t  cou ld  n o t be o b ta in e d  in  s u f f ic ie n t  co n c e n tra tio n s  
a t  p h y s io lo g ic a l pH because o f  s o lu b i l i t y  d i f f i c u l t i e s .  The t h i r d  
p o s s ib le  s i te  f o r  th is  t h i r d  ca lc ium  ion  is  in  the ca rb o xy l 
reg ion  o f the A «X- c h a in . To m a in ta in  symmetry o f  the m olecule 
t h is  would re q u ire  o ve r la p p in g  o f  the A «x,-chains w ith  ca lc ium  
fo r i ling  a b rid g e  between them. A lte r n a t iv e ly  the number o f  h igh  
a f f i n i t y  ca lc ium  b in d in g  s i te s  may have been unde restim a ted . 
F ib rinogen  w ith  a heterogeneous A -ch a in  com position  has been 
used p re v io u s ly  to  o b ta in  c a lc iu m -b in d in g  data (L indsey  e t  a l . ,  
1978). This h e te ro g e n e ity  a r is e s  from degradation  a t the ca rb o xy l 
te rm in a ls  o f  the cha ins . I f  each A X .-cha in  con ta ined  a d is t in c t  
ca lc iu m -b in d in g  s i t e  us ing  a heterogeneous f ib r in o g e n  p re p a ra tio n  
would g ive  va lues o f  between 2 and 4 fo r  the number o f  ca lc ium  
io n s  bound to  the m o lecu le .
M arguerie  e t  a l . .  (1977) when w o rk in g  w ith  bovine f ib r in o g e n , found
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the  t h i r d  ca lc ium  b in d in g  s i t e  o f  f ib r in o g e n  was destroyed  by 
lo w e rin g  the pH o f the s o lu t io n  to  pH 6 .0  and suggested th a t  
two h i s t i d y l  res idues  were in v o lv e d  in  c h e la t in g  the ca lc ium  
(F ig u re  2 8 ) .  There are fo u r  h is t id in e  res idues  p re se n t in  the 
p lasm in  s u s c e p tib le  area o f  the N-DSK a t AcK -24  and -1 6 , 
the p re c is e  s p a c ia l arrangement o f  these res idues  w i l l  depend 
on t h e i r  r e la t iv e  p o s it io n s  w ith  re fe ren ce  to  the d is u lp h id e  
b rid g e s  which g ive  the N -te rm in a l o f  the molecule a h igh  degree 
o f  r i g i d i t y .  The ca rb o xy l te rm in a l o f  the AoC-chains (610 re ­
s id u e s ) have each th ree  h is t id in e  re s id ue s  in  c lose p ro x im ity  
a t A «X. -594, -598 and -604 so th a t  an ove rlap  o f  the A c h a i n s  
cou ld  b r in g  two h is t id in e  re s id u e s , one from each ch a in , in to  
close p ro x im ity .
There are a la rg e  number o f  c a lc iu m -b in d in g  p ro te in s  ca ta logued  
(K re ts in g e r ,  1976) and in  the m a jo r ity  o f  cases the ro le  o f 
ca lc ium  is  re a d ily  e x p la in e d  as e i th e r  re g u la t in g  c a ta ly t ic  
a c t i v i t y  o r as a m odu la to r o f  p h y s io lo g ic a l fu n c t io n .  The c a l­
c iu m -b in d in g  s i te s  have been sequenced in  on ly  a few o f  these 
p ro te in s  b u t c ry s ta llo g ra p h ic ,s p e c tro s c o p ic  and chem ica l s tu d ie s  
(E in sp h a r & Bugg, 1977) have shown th a t  ca lc ium  io n s  p re fe re n ­
t i a l l y  complex w ith  oxygen lig a n d s . In  p ro te in s ,  ca lc ium  b inds  
to  oxygen atoms on the s id e  chains o f  g lu ta m ic  and a s p a r t ic  a c id  
res idues  and to  the c a rb o xy l oxygen in  the p e p tid e  backbone. The 
a f f i n i t y  o f  ca lc ium  fo r  the b in d in g  s i t e  is  determ ined by the 
oxygen-ca lc ium  d is tan ce s  m d  the number o f  oxygen atoms in v o lv e d .
Qure 2 8; A Model fo r  the C h e la tio n  o f Calcium In v o lv in g  H is t id in e  Residues 
(M arguerie  e t  a l . ,  1977)
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The geometry o f the oxygen atoms is  d e fin e d  by the t e r t ia r y  
s t ru c tu re  o f the p ro te in  to  o p tim ize  the m eta l b in d in g . In  
the few cases where the p ro te in s  have been sequenced the c a l­
cium b in d in g  s ite s  have been w ith in  an in t ra -c h a in  lo o p , i n ­
v o lv in g  amino a c id  res idues c lose to g e th e r in  the p rim a ry  
s tru c tu re  o f the p ro te in .  None o f the b in d in g  s i te s  so fa r  
s tu d ie d  has in v o lv e d  h i s t i d y l  re s id u e s .
A number o f the p ro te in s  re q u ire d  in  b lood  co a g u la tio n  b in d  
ca lc ium  and most o f  the co a g u la tio n  re a c tio n s  re q u ire  ca lc ium  
fo r  o p tim a l fu n c t io n .  These ca lc ium  dependent re a c tio n s  i n ­
vo lve  the v ita m in  K -ob pen dent p ro te in s  Factors V I I ,  IX , X and 
p ro th ro m b in . V itam in  K is  re q u ire d  fo r  the syn th e s is  o f
y  - ca rboxyg lu tam ic  a c id  and th is  amino a c id  res idue  is  in v o lv e d , 
a t le a s t  in  p a r t ,  in  the m e ta l b in d in g  p ro p e r t ie s  o f  the v ita m in  l< 
dependent p ro te in s .  The )^-carooxyglutam ic a c id  ca lc ium  b in d in g  
s i te s  in  p ro th rom b in  and F a c to r X have been s tu d ie d  and found to  
be homogeneous (E n f ie ld  e t  a l . ,  1975). They have t y p ic a l  ca lc ium  
b in d in g  s ite s  in  th a t  ca lc ium  b incb  w ith in  an in t r a - c h a in  loop 
and s p e c tra l s tu d ie s  in d ic a te  th a t  a c o n fo rm a tio n a l change is  in ­
duced by the m e ta l ion  b in d in g  (Benarous & Gacon, 1980; L indhout 
& Hemker, 1978). However the ü f-c a rb o x y g lu ta m ic  a c id  b in d in g  
s i te s  have d is s o c ia t io n  constants  o f  10 ^-10 ^  M (Nemerson & F u r ie ,  
1980), an o rde r o f magnitude h ig h e r than the va lues quoted fo r  the 
ca lc ium  b in d in g  s ite s  in  f ib r in o g e n . A lso , no ca rboxyg lu tam ic  
a c id  res idues have, as y e t ,  been id e n t i f ie d  in  f ib r in o g e n .
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F ib rinogen  was c ro s s - lin k e d  w ith  the b i fu n c t io n a l agent 
d im e thy l sube rim id a te  d ih y d ro c h lo r id e , which re a c ts  w ith  
the free  amino groups o f  p ro te in s ,  as a means o f  in v e s t i ­
g a tin g  co n fo rm a tio n a l d if fe re n c e s  which m igh t occur in  the 
presence and absence o f ca lc ium . There was no apparent 
change in  the e le c tr o p h o r e t ic  p a tte rn  ob ta in ed  from f ib r in o g e n  
c ro s s - lin k e d  in  the presence o f  ca lc ium  and in  the presence 
o f  EGTA. Nor was the re  any e v idence , as determ ined by N- 
te rm in a l a n a ly s is ,  o f  an Aoc. -AX. dimer formed by c ro ss - 
l in k in g .  These re s u lts ,  taken in  co n ju n c tio n  w ith  p re v io u s  
work (Ross & Kemp, 19 79) where c ro s s - lin k e d  f ib r in o g e n , p re ­
pared in  phosphate b u f fe r  and d ig e s te d  w ith  cyanogen brom ide, 
gave a d ig e s tio n  p a tte rn  in d is t in g u is h a b le  from th a t  o f  non­
c ro s s lin k e d  f ib r in o g e n , suggests th a t  c ro s s - l in k in g  occurs 
p redom inan tly  w ith in  the f ib r in o g e n  h a lf-m o le c u le  ra th e r  than 
l in k in g  the two ha lves o f  the m o lecu le . Furlan  & Beck (1975) 
found a s im i la r  p a tte rn  o f  c ro s s - l in k in g  w ith  g lu te r a l -  
dehyde which is  though t to  re a c t w ith  6-am ino groups o f  ly s in e  
re s id u e s . The in t ra -m o le c u la r  c ro s s - l in k in g  occured predom i­
n a n t ly  between /3 > -^  and X-yt) chains w ith in  the N-DSK.
R ad ioac tive  la b e l l in g  w ith  ^^Ca was used to  in v e s t ig a te  the h igh  
a f f i n i t y  ca lc ium  b in d in g  s i te s  o f  f ib r in o g e n . The work o f  Lawrie 
& Kemp (19 79) im p lie 'd  th a t  ca lc ium  io n s  remained in  s i t u  w ith in  
the b in d in g  s i te  in  f ib r in o g e n  du ring  e le c tro p h o re s is .  However, 
us ing  ra d io a c t iv e ly  la b e lle d  ca lc ium  th is  was n o t confirm ed.
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The presence, o f  a h igh  m o b il i t y  X - chain is  p robab ly  the r e s u lt  
of' the s ta b i l is a t io n  o f the d is u lp h id e  bond a t the ca rb o x y l term ­
in a l  o f  the "X -c h a in  under m ild  dena tu ring  c o n d it io n s  ra th e r  than 
a d ir e c t  e f f e c t  o f  the b in d in g  o f  ca lc ium  to  the X"- d ia in .
The f i r s t  reg ion  o f the f ib r in o g e n  m olecule to  be a tta cke d  by
plasm in  is  the ca rb o xy l te rm in a l o f  the A X -  chain (M arguerie  e t  a l . ,
1977). I f  a ca lc ium  io n  b in d in g  s i te  is  lo c a te d  in  t h is  reg ion
o f f ib r in o g e n  a l im ite d  d ig e s tio n  by p lasm in shou ld  r e s u lt  in  a
re d u c tio n  o f  the b in d in g  ca p a c ity  o f  the m o lecu le . I n i t i a l  e x -
45p e r im e n ts , in  which a C a -fib r in o g e n  sample was d ig es te d  and the 
cm  c e n tra t io n  o f  bound ca lc ium  compared w ith  th a t  in  a n o n -d ig e s te d  
sample gave encourag ing re s u lts .  However, these p roved  to  be m is­
lead ing  as the c m d i t im s  under which the samples were prepared  
were n o t s u f f i c ie n t ly  s t r in g e n t  as la t e r  work showed. The b u f fe rs  
used in  the p re p a ra tio n s  had a h igh  co n ce n tra tio n  o f con tam ina ting  
ca lc ium  and d ia ly s is  a g a in s t EDTA is  n o t s u f f ic ie n t  to  g ive  a c a l­
cium fre e  p re p a ra tio n . Thus the r a t io  o f  ^^C a-ions to  ^ C a - im s  
was o ve res tim a ted . I t  is  a ls o  d o u b tfu l th a t  the d e s a lt in g  techn ique  
used was s u f f i c i e n t ly  e f fe c t iv e  in  removing a l l  b u t the t i g h t l y  
bound ca lc ium  from s o lu t io n .  The experim ent was repea ted  using the 
flow  d ia ly s is  appara tus. A ca lc ium  im  b r id g in g  the two Ac<-chains 
would be expected  to  be re leased  in to  the media a t a very e a r ly  
stage o f p lasm in  d ig e s tio n  and, even assuming the ch e la te  complex 
re ta in s  the ca lc ium  im ,  the r e s u lt in g  p o ly p e p tid e  chain shou ld  be 
sm a ll enough to  pass through a d ia ly s is  membrane. F igu re  20 shows
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the r e s u lt  o f  such a d ig e s tio n  fo llo w e d  by the flo w  d ia ly s is  
techn ique . 85% o f  the ca lc ium  is  fre e  th e re fo re  most o f  the 
h igh  a f f i n i t y  ca lc ium  b in d in g  s i te s  are occupied as the t o t a l  
ca lc ium  co n ce n tra tio n  was 5.75 x 10 ^ M and the p ro te in  con-
_3c e n tra t io n s  1.75 x 10 M. D espite  th is  and degrada tion  o f 
the Ag(' d ia in  to  a m o le cu la r w e igh t o f less th m  56,000 no 
ca lc ium  was seen to  be re leased . These re s u lts  in d ic a te  th a t  
the ca rb o xy l te rm in a l re g io n s  o f  the Ax-chains are n o t in v o lv e d  
in  c a lc iu m -b in d in g . This is  in  agreement w ith  work re c e n t ly  
p u b lis h e d  by Nieuwenhuizen & Gravesen (1981). They found no 
s ig n i f ic a n t  d if fe re n c e s  in  the ca lc ium  b in d in g  p ro p e r t ie s  o f 
f ib r in o g e n  and p lasm in  fragm ent X.
4 .3 . PREPARATION OF CALCIUM-FREE SOLUTIONS
B u ffe rs  p repared  from s tan d a rd  la b o ra to ry  chem icals were found 
to  con ta in  tra ce  amounts o f  ca lc ium  when measured by Atom ic 
A bsorp tion  S pectrom etry . The p rim a ry  source o f con tam ina tion  
was NaCl and from th is  ca lc ium  was q u id < ly  removed by use o f 
Die lex-100  re s in . B u f fe r  p repared  from T r is  (BDB) and Trizma 
(Sigma) were never s a t i s f a c t o r i l y  fre e d  from ca lc ium  and i t  
would seem th a t  th is  base has a s ig n i f ic a n t  a f f i n i t y  fo r  c a l­
cium. This problem  was n o t apparent w ith  im idazo le  b u f fe r  
which d id  n o t re q u ire  Q ie lex-100  tre a tm e n t.
MgCl^ is  fre q u e n tly  in c lu d e d  in  b u f fe r  systems when measuring 
the b in d in g  o f  ca lc ium  to  f ib r in o g e n  as i t  e lim in a te s  the low
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a f f i n i t y  ca lc ium  b in d in g  s i te s  (M arguerie  e t  a l . ,  1977). I t  is  
a ls o  contam inated w ith  tra ce  amomts o f  ca lc ium , which are s i g n i f i ­
cant as MgCl^ is  added a t c o n c e n tra tio n s  o f  10 mM, and th is  cannot 
be remove'd by c h e la t in g  re s in s  as t h e i r  a f f i n i t y  f o r  ca lc ium  and 
magnesium io n s  are s im i la r .  However i f  f ib r in o g e n  samples w ith  
s u ita b ly  low ca lc ium  c o n c e n tra t io n s 'c o u ld  be p repa red , two lig a n d  
b in d in g  experim ents  cou ld  be perform ed to  o b ta in  a f u l l  spectrum 
o f  va lues fo r  a S ca tchard  p lo t .  In  th is  way magnesium-free b u f fe rs ,  
cou ld  be used to  assure low ca lc ium  co n ce n tra tio n s  when s m a ll bound 
va lues , a t low ca lc ium  c o n c e n tra t io n s , were be ing  measured and 
magnesium c o n ta in in g  b u ffe rs  employed to  e lim in a te  low a f f i n i t y  
ca lc ium  b in d in g  s i te s  a t  h ig h e r ca lc ium  c o n c e n tra tio n s .
There appear to  be two main c r i t e r i a  which a f fe c t  the f i n a l  ca lc ium  
co n c e n tra tio n  o f  ' c a lc iu m -fre e ' f ib r in o g e n  p re p a ra t io n s ; the le n g th  
o f  d ia ly s is  and the degree o f  con tam ina tion  o f  the d ia ly s is  b u f fe rs .  
P re -tre a tm e n t o f  d ia ly s is  tu b in g , e i th e r  by e x te n s ive  tre a tm e n t to  
remove ca lc ium  io n s  o r by a c é ty la t io n ,  d id  n o t have any s ig n i f ic a n t  
b ea rin g  on the f in a l  ca lc ium  c o n c e n tra tio n s  o f  the f ib r in o g e n  s o lu t io n s  
The c o n c e n tra tio n s  o f  the tra c e  amounts o f ca lc ium  in  b u f fe r  s o lu t io n s  
is  the l im i t  o f  e f f ic ie n c y  o f  the d ia ly s is  p rocedure . The use o f 
Chelex-IOG tre a te d  b u f fe rs  was, th e re fo re ,  e s s e n t ia l.  The re s u lts  o f  
long d ia ly s is  showed an apparent in c re ase  in  the ca lc ium  co n c e n tra tio n  
o f  the sample a f t e r  the i n i t i a l  decrease b ro ug h t about by EGTA. The 
reason fo r  th is  is  obscure. I t  i s  p o s s ib le  th a t  ca lc ium  io n s , which 
are known to  b in d  to  c e llu lo s e  membranes, are re le a se d  s lo w ly  in to  
the media b u t th is  is  d i f f i c u l t  to  envisage as i t  would  re q u ire  jjm o les
81 -
o f  ca lc ium  to  be re leased  from the d ia ly s is  tu b in g .
B efo re  d ia ly s is  to  remove ca lc iu m , f ib r in o g e n  was fre e z e -d r ie d  so 
th a t  a f i n a l  s o lu t im  o f  h ig h e r c o n c e n tra tio n  (5 -9  mg/ml) cou ld  
be o b ta in ed . Th is method is  n o t id e a l as i t  has been known to  
cause in a c t iv a t io n  o f  enzymes and in  some cases degradation  o f  
p ro te in s .  The la t t e r  p o in t  i s  o f  p a r t ic u la r  im portance in  th is  
s tudy  o f  f ib r in o g e n . However, p ro v id e d  ly o p h y lis a t io n  was c a r­
r ie d  ou t f o r  as s h o r t  a tim e as p o s s ib le  no d if fe re n c e s  in  mole­
c u la r  w e ig h t were found between f ib r in o g e n  b e fo re  and a f t e r  
fre e z e -d ry in g  when examined by 10%, SDS-PAGE. F reeZ e-d ry ing  
was p re fe r re d  to  u l t r a f i l t r a t i o n  methods, such as Amicon U lt r a ­
f i l t r a t i o n  C e lls  o r Unicam M i l l ip o r e  Im m ersib le  S ep a ra to r K i t s ,  
f o r  c o n c e n tra tin g  p ro te in  s o lu t io n s .  These methods, which emp­
lo y  f i l t r a t i o n  under p ressure  th rough a membrane, were found to  
g ive  poor recovery o f  f ib r in o g e n  w ith  around 25% and sometimes 
as much as 50% be ing  lo s t .  Most o f  the lo ss  cou ld  be accounted 
fo r  by f ib r in o g e n  adhe ring  t o  membrane and ve sse l su rfa ce s  .and 
t h is  f ib r in o g e n  was d i f f i c u l t  to  remove w ith o u t re d i lu t io n  o f 
the p ro te in  s o lu t io n ,
4 .4 . FLOW DIALYSIS
4 .4 .1 . P re lim in a ry  Experim ents
The re s u lts  from experim ents using  a double la y e r  o f Sigma 
o r V is k in g  tu b in g  o r the d ia ly s is  sheets i l l u s t r a t e  the a r te ­
fa c ts ,  h ig h l ig h te d  by Reed (1973 ), which a r is e  from the b in d in g
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o f ca lc ium  io n s  to  unm od ified  c e llu lo s e  membranes. The 
c e llu lo s e  membranes appear to  have a la rg e  number o f  low 
a f f i n i t y  ca lc ium  b in d in g  s i te s  the e f fe c ts  o f.w h ic h  can 
be a lm ost com p le te ly  e lim in a te d  by the presence o f  o th e r 
c a tio n s , such as sodium o r po tass ium , in  the d ia ly s is  
b u f fe r .  This is  dem onstrated by the re s u lts  from s in g le  
la y e r  Sigma and V is k in g  membrane experim ents w h ich , as 
in  a l l  the p re lim in a ry  e xpe rim en ts , were perform ed in  the 
presence o f  NaCl. On the a d d it io n  o f  ^ C a - io n s  to  the top 
chamber th e re  was no change in  the s te a d y -s ta te  le v e l o f 
r a d io a c t iv i t y  in  the e lu e n t .  Th is was n o t the case when 
double la y e r  membranes o r the d ia ly s is  sheets were used.
In  these experim ents  the appearance o f  a peak o f  ra d io ­
a c t i v i t y  in  the e lu e n t fo llo w e d  the a d d it io n  o f  '^C a -io n s  
to  the upper compartment. Th is suggested, a long w ith  the 
slow e q u i l ib r a t io n  o f  the system , th a t  ca lc ium  io n s  were 
b in d in g  to  the su rfa ce  o f  the c e llu lo s e  and perhaps a ls o  
w ith in  the c e llu lo s e  m a tr ix .  Th is l a t t e r  o p tio n  may be 
o f  co ns ide ra b le  s ig n if ic a n c e  w ith  regard  to  the d ia ly s is  
sheet as i t  is  c o n s id e ra b ly  th ic k e r  than the o th e r c e llu lo s e  
membranes te s te d .
A more r e l ia b le  method o f  e lim in a t in g  the b in d in g  s i te s  i s  
by a c é ty la t io n  o f  the  membrane and th is  had the added b e n e f i t  
o f  reduc ing  s l i g h t l y  the lo ss  o f  ca lc ium  across the membrane. 
However a c é ty la t io n  d id  n o t reduce the e q u i l ib r a t io n  volume
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re q u ire d  w ith  Sigma and V is k in g  double membranes as would 
have been expected. Th is suggests th a t  the slow  a tta in m e n t 
o f the p la te a u  le v e l o f  r a d io a c t iv i t y  in  the e lu e n t is  n o t 
due to  ca lc ium  b in d in g  to  the membrane b u t is  a r e s u lt  o f  
com partm enta tion , w ith  a f i lm  o f  s o lv e n t trapped  between 
the two la y e rs  o f  membrane g iv in g  r is e  to  two d i f f e r e n t  
c o n œ n tra tio n  g ra d ie n ts , which w i l l  change the e q u i l ib r a t io n  
c h a ra c te r is t ic s  o f  the system. However w ith  s in g le  la y e r  
a c e ty la te d  Sigma and V is k in g  membranes the ra te  o f d ia ly s is ,  
and hence the co n c e n tra tio n  o f iso to p e  in  the e lu e n t ,  is  
dependent on ly  on the f ra c t io n  o f  the lig a n d  fre e  in  the 
upper amber and n o t the t o t a l  c o n œ n tra tio n  o f  the lig a n d .
The flow  d ia ly s is  ce 11 was designed fo r  the ra p id  removal o f 
s m a ll m olecules and is  th e re fo re  n o t id e a l fo r  s tu d y in g  io n /  
p ro te in  b in d in g  as i t  has a la rg e  membrane s u r fa c e . In  o th e r 
s tu d ie s  where th is  type o f  c e l l  has been used (C o low ick &
Womack, 1969; Hegyvary & P os t, 1971) the la b e lle d  m o ie ty has 
been a s u b s tra te  o r c o fa c to r  ra th e r  than an io n . Thus b in d in g  
o f  the la b e lle d  lig a n d  to  the membrane has no t been o f g re a t 
s ig n if ic a n c e  and a more e f f i c i e n t  membrane, w ith  re sp e c t to  
the re te n t io n  o f  the r a d io a c t iv i t y  in  the upper compartment, 
has been used w ith o u t any o f  the a rte  fa c ts ,ca u se d  by the b in d ­
in g  o f the la b e lle d  lig a n d  to  the m em brane^arising.
For accura te  q u a n t i ta t iv e  data to  be ob ta in ed  from flow  d ia ly s is  
experim ents, th e o r e t ic a l ly ,  no la b e l shou ld  be lo s t  from the
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upper chamber. P r a c t ic a l ly ,  th is  lo ss  must be m in im ised  
and p re v iou s  w orkers have found th a t  a t o t a l  lo s s  o f  up to  5% 
can be accommodated. The m o d if ic a t io n  o f the flo w  d ia ly s is  
c e l l  by the a d d it io n  o f  an in s e r t  which reduced the su rface  
area o f  the membrane a v a ila b le  f o r  d ia ly s is  m arkedly decreased 
the le v e l o f  r a d io a c t iv i t y  in  the e lu e n t w ith o u t the in t r o ­
duc tion  o f  any a r te fa c ts .  Th is m o d if ic a t io n  made p o s s ib le  the 
use o f the flo w  c e l l  fo r  ra te  o f  d ia ly s is  expe rim en ts .
4 .4 .2  L igand B in d in g
Norby e t  a l .  (1980) have c r i t i c i s e d  the w idespread m is in te rp ­
re ta t io n  o f  l ig a n d -p ro te in  b in d in g  experim ents which show up­
ward cu rva tu re  in  S catchard  P lo ts .  T h e ir  two p r in c ip le  com­
p la in ts  were th a t  the upward cu rva tu re  was always a sso c ia te d  
w ith , and in te rp re te d  as , m u lt ip le  c lasses o f  independent b in d ­
in g  s i te s  w ith  l i t t l e  cons ic fe ra tion  given to  o th e r p o s s ib le  
in te r p r e ta t io n s  such as n e g a tive  c o -o p e ra t iv ity  and the m is­
in te r p r e ta t io n ;  o f  these p lo ts  when c a lc u la t in g  the b in d in g  
cons tan ts  and number o f  b in d in g  s i te s  (F ig u re  2 9 ) .  U n t i l  
re c e n t ly  none o f  the groups a c tiv e  in  the d e te rm in a tio n  o f 
c a lc iu m -fib r in o g e n  b in d in g  data had p u b l ic ly  re -assessed 
t h e i r  data a lthough  re c e n t ly  Nieuwenhuizen e t  a l .  (1981b) 
have done so . In  a d d it io n  ca lc ium  b in d in g  s tu d ie s  in  f i b ­
rinogen have been c a r r ie d  o u t using  heterogeneous f ib r in o g e n  
p re p a ra tio n s . In  view o f  th is  i t  was decided to  s tudy  h igh  
a f f i n i t y  c a lc iu m -fib r in o g e n  b in d in g  w ith  the techn ique  o f  f lo w  
d ia ly s is  a method by which data can be ob ta in ed  q u ic k ly
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thereby m in im is in g  any deg rada tion  which m ight take p lace 
du ring  the course o f  the expe rim en t.
Many problems were encountered w ith  th is  te ch n iq u e , some 
being unique to  th is  p a r t ic u la r  s tu d y . Calcium is  a common 
contam inant in  many la b o ra to ry  reagents and is  n o t ,  as has 
been d iscussed p re v io u s ly ,  always e a s i ly  removed. A lso , 
ca lc ium  io n s , because o f  t h e i r  s iz e ,  have a h igh  ra te  o f  
d ia ly s is  and th is  re s u lts  in  a ra p id  loss  o f  la b e l from 
the re a c tio n  chamber. Even the use o f  a c e ty la te d  membranes 
and re d u c tio n  o f  the exposed membrane su rface  area does n o t 
reduce the lo ss  to  le v e ls  which can be ig n o re d  fo r  the p u r­
pose o f  c a lc u la t io n  o f  r e s u lts .  Yue & G e r t le r  (1978) 
s tu d ie d  ca lc ium  b in d in g  to  bovine F ac to r X and encountered 
s im i la r  problems w ith  a 20% loss  o f  la b e l th roughou t the 
d u ra tio n  o f  the experim en t a lthough  th is  may be c o rre c te d  
fo r  in  the f in a l  r e s u lts .
The d i f f i c u l t y  in  o b ta in in g  c a lc iu m -fre e  f ib r in o g e n  s o lu t io n s  
has more bea rin g  in  flo w  d ia ly s is  than in  e q u il ib r iu m  d ia ly s is  
as in  the form er i t  is  the i n i t i a l  ca lc ium  c o n c e n tra tio n  o f  the 
p ro te in  s o lu t io n  which is  o f  im portance whereas in  e q u il ib r iu m  
d ia ly s is  i t  is  the f in a l  ca lc ium  co n ce n tra tio n  a f te r  d ia ly s is  
which is  measured. The ca lc ium  co n ce n tra tio n  is  the sum o f  the
re s id u a l amount o f  ca lc ium  p re sen t in  the f ib r in o g e n  p re pa ra ­
tio n  and the ca lc ium  c o n c e n tra tio n  o f  the ^^CaCl^ s o lu t io n .  
The co n ce n tra tio n  o f  the l a t t e r  is  com p ara tive ly  h igh
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as the a c t i v i t y  must be s u f f ic ie n t  fo r  co un tin g  purposes 
when on ly  a n e g l ig ib le  q u a n t ity  o f  la b e l is  lo s t  to  the 
e f f lu e n t .  This is  p a r t i c u la r ly  im p o rta n t i f  e f f o r t s  
have been made to  decrease the percentage o f  la b e l le a v in g  
the upper chamber. Users o f  e q u il ib r iu m  d ia ly s is  may a lso  
employ Ca/EGTA b u ffe rs  as was dme by M arguerie e t  a l .  (1977), 
to  g ive  low fre e  ca lc ium  c o n c e n tra tio n s , a üiethod which is  n o t 
v ia b le  w ith  flow  d ia ly s is ,  a lthough  the use o f ^Ca/EGTA 
b u ffe rs  in  ca lc ium  p ro te in  b in d in g  s tu d ie s  has been c r i t i c i s e d  
by W ikm an-C offe ld  & M uhlrad (1980) who s ta te  th a t  iso to p e  d i ­
lu t io n  procedures us ing  such a system cannot be used to  accu­
ra te ly  determ ine the m olar r a t io  o f  lig a n d  to  p ro te in .  Another 
problem  was f ib r in o g e n  i t s e l f .  W ith a m o lecu la r w e ig h t o f 
140,000 a s o lu t io n  o f  5 mg/ml has a r e la t iv e ly  low c o n ce n tra tio n  
o f  b in  d ing s i t e s .
These fa c to rs  combined re s u lte d  in  a loss  o f s e n s i t i v i t y  o f  the 
techn ique and measurements a t bound values o f le ss  than 1 were 
n o t p o s s ib le . R esu lts  from lig a n d  b in d in g  experim ents demon­
s tra te d  the presence o f  th ree  e q u iv a le n t h igh  a f f i n i t y  ca lc ium  
b in d in g  s ite s  which is  in  agreement w ith  the work o f L indsey e t  a l,  
(1978) a lthough  the re  is  a d isc repancy , by a fa c to r  o f  two, be­
tween the c a lc u la te d  b in d in g  co n s ta n ts . T h e ir va lue was a lso  
d e rived  from data in  which t lie re  were no bound va lues between 
0 and 1. Nieuwenhuizen e t  a l .  (1979) ob ta in ed  d i f fe r e n t  r e s u lts .
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T h e ir  bound va lues encompassed a wide range between 0 and 3 
and the r e s u lt in g  S catchard  p lo t  was a cu rve . By drawing 
tangen ts  to  the curve two c lasses o f  b in d in g  s i t e  were d i f f e r ­
e n t ia te d .  However th is  data has re c e n t ly  been re -assessed
(Nieuwenhuizen e t  a l . ,1981b) and they now propose th ree  e q u i-
—5v a le n t ca lc ium  b in d in g  s i te s  w ith  K ^ l,9 x l0  M a va lue s im i la r
to  th a t  ob ta in ed  by flow  d ia ly s is  expe rim en ts .
The con fo rm ation  o f th ree  h igh  a f f i n i t y  ca lc ium  b in d in g  s i te s  
and the e lim in a t io n  o f  the ca rb o x y l reg ions  o f  the A -ch a in s  
o f hav ing  in vo lvem en t in  ca lc ium  b in d in g  leaves the lo c a tio n  
o f the t h i r d  s i t e  undeterm ined. I t  would be o f  in te r e s t  to  
know the ro le  o f  th is  t h i r d  b in d in g  s i t e .  I f  i t  has a ro le  
in  the f i r s t  s teps o f  f i b r in  p o ly m e r is a tio n  i t  may be w ith in  
the N-DSK in  the N - te rm in a l reg ions  n o t p re se n t in  Fragment E.
4 .4 .3 . Reverse L igand B in d in g
In  o rd e r to  o b ta in  b e t te r  q u a n ta tiv e  data the method o f  Haeich 
e t  a l .  (1980 ), re q u ir in g  a d d it io n s  o f EGTA to  a co ns ta n t ca lc ium  
ion  c o n c e n tra tio n  was employed. This method is  p re fe ra b le  to  
the use o f  EGTA/Ca b u ffe rs  a lthough  e r ro rs  in tro d u c e d  by d i f f e r ­
ences in  a f f i n i t y  o f  ^ C a -^ ^ io n s  and io n s  by EGTA
(Nash e t  a l . ,  1979) o r by the b in d in g  o f  the c h e la to r  to  p ro ­
te in  may s t i l l  a r is e  (H a ie ch e t  a l . ,  1979). In  the absence o f
MgCl^ the r e s u lt in g  S catchard  p lo t  had a very h igh  upward curve 
a t  the bound value o f  c ir c a  1 w ith  some suggestion  o f  the curve 
f a l l i n g  back on i t s e l f .
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I f  MgCl^ was in c lu d e d  in  the b u ffe rs  the e f f e c t  was a ccen tua te d ., 
The presence o f  magnesium io n s  a ls o  caused a s h i f t  o f  the curve 
to  the l e f t  because the presence o f  these ions  in  the system was 
n o t taken in to  a c c o m t in  the c a lc u la t io n  o f  bound and fre e  
va lues . Magnesium io n s  w i l l  b in d  to  EGTA th e re fo re ,  the re s u lts  
shown (F ig u re  26 ) assume a h ig h e r EGTA co n c e n tra tio n  than was 
a c tu a lly  a v a ila b le  f o r  c h e la t in g  ca lc ium .
A lthough EGTA has a much h ig h e r  b in d in g  a f f i n i t y  fo r  ca lc ium  than 
magnesium, 10^^ M ^ compared w ith  lO^M the h ig h  magnesium con­
c e n tra t io n  o f  10 mM w i l l  a f f e c t  the calcium-EGTA e q u il ib r iu m . 
Magnesium w i l l  remove EGTA from the  system and as a r e s u l t  ü ie  
EGTA-calcium e q u il ib r iu m  w i l l  s h i f t  towards more f re e ,  i . e .  
unche la ted , ca lc ium . This in  tu rn  w i l l  mean a s m a ll in c rease  
in  the p ro te in  bound ca lc ium . Thus fo r  a g iven  s e t o f  c h e la to r  
c o n c e n tra tio n s , in  the presence o f magnesium io n s , the concen­
t r a t io n  o f  fre e  (u n ch e la te d ) ca lc ium  is  underestim a ted  as is  
the co n c e n tra tio n  o f  p ro te in -b o u n d  ca lc ium . As the n um erica l 
value o f  the fre e  ca lc ium  is  underestim a ted  to  a g re a te r  degree 
than the bound v a lu e , a t eve ry  bound va lue the va lue o f  bound/ 
fre e  w i l l  be o ve res tim a te d . Hence the re s u lt in g  graph, when com­
pared to  a s im i la r  r e s u l t  ob ta in ed  from experim ents  perform ed in  
the absence o f magnesium, w i l l  have s h if te d  to  the l e f t .
The curves from reverse  lig a n d  b in d in g  experim ents do n o t resemble 
the S catchard  p lo t  o b ta in e d  by Niewenhuizen e t  a l .  (1979) o r th a t  
from lig a n d  b in d in g  (F ig u re  22) w ith  the p rim a ry  d if fe re n c e  the
G9
severe upward c u rv a tu re  n o t p re s e n t in  the p re v io u s  s tu d ie s .
A number o f  p o s s ib le  e x p la n a tio n s  fo r  th is  shape o f  graph 
must be c m s ic b re d .
1) Reverse lig a n d  b in d in g  re q u ire s  the use o f  c h e la t in g
agen ts , in  th is  case EGTA and assumes th a t  EGTA has
an equa l a f f i n i t y  f o r  ^^Ca and ^^Ca. B u t t ) i is  assump-
45t io n  is  u n true  as the b in d in g  co n s ta n t o f  Ca/EGTA i s
g re a te r  th a t  t i ia t  o f  ^Ca/EGTA (Nash e t . a l , ,  1979).
W ikm a n -C o ffe lt & M uhlrad (1 9 80 ), w o rk ing  w ith  myosin and
us in g  t ra c e r  tech n iq ue s  , concluded th a t  the b in d in g
a f f i n i t y  va lues were s im i la r  to  those o b ta in e d  by
o th e r methods which d id  n o t in v o lv e  u s in g  ^^Ca.
T here fo re  the e f f e c t  o f  d if fe re n c e  in  b in d in g  a f -
40 45f i n i t ie s  o f EGTA fo r  Ca and Ca would  appear to  
be n e g l ig ib le ,
2) C o -o p e ra t iv ity  o f  s i t e s  must a ls o  be examined.
P o s it iv e  c o - o p e r a t iv i t y  y ie ld s  a convex p lo t  w ith  
w ith  a maximum (McGhee & Van H ip p e l,  1 9 7 4 )(F ig u re  30) 
w h ile  n e g a tive  c o - o p e r a t iv i t y  g ives  a concave c u rv a tu re  
(Thakur e t  a l . ,  1980), s im i la r  to  th a t  d e ta in e d
fo r  d i f f e r e n t  independent .se ts  o f  e q u iv a le n t  b in d ­
in g  s i te s  ( We de r  e t  a l . ,  1974 ) ,  I t  i s  d i f f i c u l t  
to  im agine a fu n c t im  fo r  c o - o p e r a t iv i ty  between 
b in d in g  s i te s  in  f ib r in o g e n  as the o n ly  known 
fu n c t io n  o f  the ca lc ium  io n  bound in  the fragm ent D 
re g ion  o f  the m olecule  is  as a p ro te c to r  a g a in s t
BB
F igure  30; S catchard  P lo t  o f  a System D em onstrating C o -ope ra tive  B in d in g  
(McGhee & Von H ip p e l 1974) , ■
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p la s min d ig o s t ic n  (H averka te  & Timan, 1977) w ith  
perhaps some ro le  in  the c ro s s - l in k in g  o f  f i b r i n  
monomers by F a c to r X I I I .  Nor i s  i t  l i k e l y  th a t  i f  
th e re  was c o - o p e r a t iv i t y  between s i te s  i t  would  r e s u l t  
in  such a d ra m a tic  change in  the va lue  o f  b o u n d /fre e .
3) A nother p o s s ib le  in te r p r e ta t io n  o f  the  concave curve 
is  th a t  th e re  i s  more than one s e t o f  independent 
b in d in g  s i t e s .  There is  l i t t l e  evictence th a t  th e re  a re , 
in  f ib r in o g e n ,  ca lc iu m  b in d in g  s i te s  w ith  g re a te r  
a f f i n i t y  than the  th re e  h ig h  a f f i n i t y  b in d in g  s i te s  p re ­
v io u s ly  d iscussed . When Nieuwenhuizen e t  a l .  (1981b) 
re -assessed  t h e i r  data  f o r  the  ca lc ium  b in d in g  s i t e s  in
human f ib r in o g e n  the computer f i t  o f  the  data im proved
-7s u b s ta n t ia l ly  when 0 .0 8  s i te s  w ith  K^3xlO M were 
a llo w e d  f o r  in  the S ca tcha rd  p lo t .  B u t M arguerie  e t  a l .  
(1977) used Ca/EGTA b u f fe rs  when in v e s t ig a t in g  the b in d ­
in g  s i te s  in  bov ine  f ib r in o g e n  and found no ca lc ium  
b in d in g  to  f ib r in o g e n  a t  ca lc ium  c o n c e n tra tio n s  between 
1x10"® M and 5xlO "^M .
4) Haeich e t  a l .  (1980) warned th a t  us in g  FGTA co u ld  le a d  
to  anom a lies , as some p ro te in s  are known to  b in d  t h is  
c h e la t in g  agen t, b u t gave no in d ic a t io n  as to  how t h is  
w ould a f f e c t  a S ca tcha rd  p lo t  o f  the d a ta . I f  the 
S ca tcha rd  p lo t  o b ta in e d  by Niewenhuizen e t  a l .  (1979) 
(F ig u re  ) i s  exam ined i t  can be seen th a t  the  p o in t
2 .00
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F igure  31: Scatchard P lo t  o f  Number o f  Calciums B o u n t^ o l Human 
F ib rinogen  and Free Calcium C oncen tra tion
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o f  in f le c t io n  o f  the curve is  bound ~ 1 .5 . I f  the 
S catchard  p lo ts  o f  reve rse  lig a n d  b in d in g  in  the 
absence (F ig u re  24 ) and presence (F ig u re  26 ) o f  
MgClg are examined the p o in ts  o f  in f le c t io n  occur 
a t  bound -*1 .2 5  and bound ^  0 .5  re s p e c t iv e ly .
De ran le  au (1969) has shown th a t  fo r  low and h igh  
s a tu ra t io n  o f  s i te s  the e r r o r  in  the S catchard  
p lo t  is  d is p ro p o r t io n a te ly  la rg e r  than in  the range 
o f  h a l f - s a tu r a t io n .  A c lo s e r  s c ru t in y  o f  the t r e a t -  j
ment o f  the data g ive s  an in d ic a t io n  o f  which fa c to rs  j
I
in f lu e n c e  the f in a l  va lue  o f  B/F (Tab le  V I I I )  j
Free lig a n d  (L ) is  c a lc u la te d  from equa tion
Ç1^  ^ _ -b± J b ^  -  4ac ............................. (4)
2a
To o b ta in  a p o s it iv e  va lue fo r  (L ) the p o s it iv e
ro o t was used and as 'a ' conta ined  no v a r ia b le s  '2 a '
was always co ns ta n t so the v a r ia b le  p a r t  o f  the
equa tion  is
-b + J b  -  4ac ..................................... (6 )
24ac is  n u m e r ic a lly  much s m a lle r  th a t  b th e re fo ref~2the n u m e rica l va lues o f  -b and v  b -  4ac are very 
s im i la r .  The la rg e  inc rease  in  B/F co in c id e s  w ith  
a change in  the s ig n  o f  'b ' from n eg a tive  to  p o s it iv e  
as the  value o f  s ta tem en t (6 ) changes d ra m a tic a lly  
from 2b to  -^0 . Thus the value o f  (L ) tends to  be 
0 and, as a r e s u l t ,  B/F tends to  i n f i n i t y ,  (Tab le  V I I I )
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T h is  change from n e g a tiv e  to  p o s it iv e  va lue  o f  ' b ' 
e x p la in s  the d ra m a tic  jump from 10^ M ^ to  10^^ M ^ 
in  the  va lues o f  B/F and a t  such va lues the sug­
g e s tio n  o f  the graph fo ld in g  back on i t s e lF  can be 
a t t r ib u te d  to  e r r o r .
The va lue o f  ' b ' i s  c a lc u la te d  from
H-   (5 )
45where = cm  c e n tra t io n  o f  Ca in  the e f f lu e n t  
Vg = c o n c e n tra tio n  o f  EGTA in  upper chamber
A t low EGTA c o n c e n tra tio n s  i s  g re a te r  than
as the  c o n c e n tra t im  o f  EGTA in c re a se s  suddenly be­
comes le ss  than + ^2^2* D uring  flo w  d ia ly s is  a s m a ll
percen tage  o f  la b e l i s  lo s t  th roughou t the expe rim en t and 
tow ards the end o f  the e xpe rim en t th is  e r r o r  i s  la rg e r .  
Th is  im p lie s  th a t  the  measured va lue  o f  i s  s m a lle r  
than the 'p e r f e c t '  e xpe rim en t where no ca lc ium  is  lo s t
from the upper d iam ber. The same e f f e c t  co u ld  be b ro u g h t
about by the  o v e re s tim a tio n  o f  because o f  the presence 
o f magnesium im s  o r the  b in d in g  o f  EGTA to  the f ib r in o g e n  
m o lecu le . As tine lo ss  o f  ca lc ium  from  the top chamber was
ve ry  s m a ll,  abour 3?o o f  the t o t a l ,  and because o f  the i n ­
d ir e c t  ev idence suggested  by the b u f fe rs  c o n ta in in g  mag­
nesium i t  w ould  seem reasonable  to  suggest th a t  EGTA 
b inds  to  f ib r in o g e n .
The e f f e c t  o f  c h e la t in g  agents on f ib r in o g e n  i s  n o t w e l l
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documented. In  s tu d ie s  using  EDTA^Godal (1960,1969) con- 
clL.’ded th a t  a l l  the e f fe c ts  o f  the c h e la t in g  a gen t, such as 
loss  o f hea t re s is ta n c e  and p ro longed  throm bin  tim e , cou ld  
be a t t r ib u te d  to  i t s  a b i l i t y  to  ch e la te  ca lc ium . B iM 'ie l l 
(19641 in v e s t ig a te d  in  more d e ta i l  i t s  e f f e c t  on the throm ­
b in  c lo t t in g  tim e and again concluded th a t  the re s u ite  
cou ld  be e xp la in e d  by the c h e la t in g  p ro p e r t ie s  o f  EDTA. He 
a ls o  d ia ly s e d EDTA out o f the f ib r in o g e n  s o lu t io n  in  the 
presence o f 0.15 M NaCl b u t the absence o f d iv a le n t  ca tio n s  
an -J on the re tu rn  to  nea r-no rm a l throm bin c lo t t in g  tim e con­
cluded th a t  EDI A re a c te d  d i r e c t ly  w ith  f ib r in o g e n . Blomback el: a l 
( 1966 ) examined the e f f e c t  o f  EDTA on the sed im en ta tion  
ra te  o f f ib r in o g e n  and again found the re s u lts  in d e c is iv e .
The development o f  b e t te r  methods fo r  d e te c tin g  tra ce  amounts 
o f d iv a le n t  c a tic n s  has ca s t fu r th e r  doubts on these re s u lts .
Very re c e n t ly  N ieuwenhuizen e t  a l  (1981a) us ing  e q u il ib r iu m  
d ia ly s is ,  in v e s t ig a te d  EDTA b in d in g  to  f ib r in o g e n  and concluded 
th a t  0 .4  moles EDTA bound to  each mole o f  F ib rinogen  w ith  
K j 2 .2  X  M.
The re s u lts  p resen ted  here suggest th a t  ano the r, re la te d ,  
c h e la t in g  agent, EGTA, a ls o  b inds  to  the f ib r in o g e n  m o lecu le .
Most p re v iou s  s tu d ie s  o f  the ro le  o f ca lc ium  in  f ib r in o g e n  
have in v o lv e d  com parative s tu d ie s  in  the presence o f  EDTA/
EGTA and in  the presence o f  ca lc ium . A lthough on ly a s m a ll 
amount o f  c h e la to r  b inds  i t  may be th a t some o f  the fu n c tio n s
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which are lo s t  when ca lc ium  is  removed, and, th e re fo re ,  
a t t r ib u te d  to  the presence o f  ca lc ium  io n s , may be i n ­
h ib i te d  by the c h e la t in g  agent b in d in g  to  the f ib r in o g e n  
m o lecu le .
In  co n c lu s io n , the re s u lts  o f  t h is  s tudy  show th a t  -
1. The h igh  a f f i n i t y  b in d in g  o f  ca lc ium  to  f ib r in o g e n  does n o t 
in v o lv e  the ca rb o xy l te rm in a l re g ion s  o f  the AoC -c h a in s .
2. The use o f  a h ig h ly  in t a c t  f ib r in o g e n  p re p a ra tio n  does n o t 
a l t e r  the p u b lis h e d  va lues o f  th ree  h igh  a f f i n i t y  ca lc ium  
b in d in g  s i t e s .
3. There is  in d i r e c t  evidence which suggests th a t  the c h e la t in g  
agent EGTA b in ds  to  the f ib r in o g e n  m o lecu le .
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( i )
COMPUTER ANALYSIS OF DATA FROM LIGAND BINDING
AND
REVERSE LIGAND BINDING EXPERIMENTS
The in t u i t i v e  in te r p r e ta t io n s  from ana lyses o f  Scatchard  data have been 
c r i t i c i s e d  (Norby e t  a l . ,  1980). However, i t  was on ly  a f t e r  the comple­
t io n  o f  th is  work th a t  the o p p o rtu n ity  arose to  analyse the  data ob ta ined  
from lig a n d  b in d in g  and reve rse  lig a n d  b in d in g  experim ents us ing  a non­
l in e a r ,  m o d e l- f i t t in g  programme.
The programme used was "L ig a nd " developed by Munson & Rodbard (1980 ).
Th is programme is  a m u lti-p u rp o s e  computer system fo r  the a n a ly s is  o f 
lig a n d  b in d in g  data , model f i t t i n g  and param eter e s t im a tio n s . I t  can 
be used to  f in d  the most a p p ro p r ia te  model fo r  the data as w e ll  as the 
b e s t param eter e s tim a te s  fo r  th a t  model. As w ith  a l l  n o n - l in e a r  cu rve - 
f i t t i n g  programmes, the i n i t i a l  e s tim a te s  fo r  a l l  the param eters must be 
p ro v id e d  by the  o p e ra to r. These may be made from g ra p h ic a l analyses o f  
S catchard  da ta . I f  a number o f  d i f fe r e n t  models are t r ie d  the programme 
w i l l  g ive  the b e s t re p re s e n ta tio n  o f  the data and the b e s t param eter 
e s tim a tio n s  fo r  th a t  model.
R esu lts
Data from both  lig a n d  b in d in g  and reve rse  lig a n d  b in d in g  experim ents were 
su b je c te d  to  computer a n a ly s is .
L igand B in d in g : The data was found to  f i t  two models w ith  equa l p ro b a b i l i t y .
( i i )
I f  one c la ss  o f  b in d in g  s i te  was assumed the data was
c o n s is te n t w ith  3.03 b in d in g  s ite s  o f  1.2 x 10 ^M.
Th is g ives  good agreement w ith  the va lues o b ta ined  by the 
in s p e c tio n  o f  g ra p h ic  a n a ly s is  o f  th ree  s i te s  o f
-5l<^ 1 .4  X 10 M. I f  two c lasses o f  b in d in g  s i te s  were 
assumed the re s u lt in g  param eters were -
0 .9 8  b in d in g  s i te s  o f 1<^  1 .5 x 10
1 .88  b in d in g  s i te s  o f  K^ 2 .4  x 10
Both the one c la ss  o f  b in d in g  s i te  and the two c lasses 
o f  b in d in g  s i t e  models are e q u a lly  com patib le  w ith  the 
g iven data. As no ted  p re v io u s ly ,  however, the data does 
n o t cover an e x te n s ive  range o f  "bound" va lues . Hence 
the data p o in ts  a v a ila b le  may correspond to  the c e n tra l 
p a r t  o f  a curve which can be in te rp re te d  as a s t r a ig h t  
l in e .  C onsequently, in  o rd e r to  e s ta b lis h  w h id i model 
b e s t f i t s  the C a^~ fib rinogen  system, more va lues a t  both  
h igh  and low ca lc ium  c o n c e n tra tio n s  are re q u ire d . However 
i f  data o b ta in e d  a t  h igh  ca lc ium  c o n c e n tra tio n s  is  in c lu d e d  
o th e r param ete rs , r e la t in g  to  the low a f f i n i t y  c a lc iu m - 
b in d in g  s i te s  ( Ky -A.. 10 ^M ), must be taken in to  c o n s id e r­
a tio n  un less magnesium ions  have been in c lu d e d  in  the 
d ia ly s is  b u f fe r s .
Reverse L igand B in d in g : Only data o b ta in e d  from experim ents  in  which
magnesium io n s  had been o m itte d  from b u f fe r  
s o lu t io n s  were s u c c e s s fu lly  ana lysed . Scatchard  
p lo ts  o f  data o b ta in ed  from experim ents  in  which
( i i i )
magnesium b u f fe rs  had been used showed a marked 
backward cu rva tu re  and no model co u ld  be found 
which gave a good f i t  fo r  the data.
Using a l l  data p o in ts ,  the " b e s t - f i t "  model was
o b ta in ed  when two c lases o f  b in d in g  s i t e  were
assumed g iv in g  -
2 ,5  b in d in g  s i te s  o f 3 .7  x 10
1 .1 b in d in g  s i te s  o f  l<^ 10
The d is s o c ia t io n  cons tan t fo r  the h ig h e r a f f i n i t y
-7  -10s i t e  v a r ie d  between 10 and 10 M w ith  d i f fe r e n t  
se ts  o f  data . This v a r ia b i l i t y  is  in  p a r t  due to  
the in h e re n t e r r o r  in  the data p o in ts  co rrespond ing  
to  low ca lc ium  co n c e n tra tio n s  o b ta in e d  towards the 
end o f  the flo w  d ia ly s is  expe rim en t. However, 
th e re  is  a s ig n i f ic a n t  d if fe re n c e  between the re s u lts  
o f  lig a n d  b in d in g  and reverse  lig a n d  b in d in g  expe r­
im en ts . I f  EGTA b inds  to  f ib r in o g e n  th is  w i l l  
a f f e c t  the value o f  tlie  bound and fre e  va lues as 
desc ribe d  p re v io u s ly .  In  a d d it io n  EGTA may d i r e c t ly  
a f f e c t  the b in d in g  o f  ca lc ium  to  f ib r in o g e n  by b in d ­
in g  a t  o r near a c a lc iu m -b in d in g  s i t e .  A lte r n a t iv e ly  
EGTA co u ld  i t s e l f  b in d  ca lc ium  w h ile  b in d in g  to  the 
f ib r in o g e n  m o lecu le . Both these p o s s ib i l i t ie s  cou ld  
e x p la in  the h igh  a f f i n i t y  b in d in g  s i t e  K . 10
( i v )
in d ic a te d  by reverse lig a n d  b in d in g  e xp e rim e n ts .
Conclusions
1. Computer a n a ly s is  o f  lig a n d  b in d in g  data suppo rts  the model fo r  
th ree  e q u iv a le n t c a lc iu m -b in d in g  s i te s  in  f ib r in o g e n . I t  a lso  
f in d s  a model o f  th ree  ca lc ium  io n s  b in d in g  a t  two c lasses o f 
b in d in g  s i te  e q u a lly  com patib le  w ith  the p resen ted  data.
2. Data from reverse  lig a n d  b in d in g  experim ents g ive  a d i f fe r e n t  
" b e s t - f i t "  model than th a t  o b ta in ed  from lig a n d  b in d in g  e x p e r i­
ments. Thus im p ly in g  some d ir e c t  e f f e c t  by EGTA on the f ib r in o g e n  
ca lc ium  system.
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